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1.M Helle:Werld WordCountHi&
H5E  BABBEWordCountf Il FEBH—I= :

public class SocketTextStreamWordCount ({

public static void main(String[] args) throws Exception {
if (args.length != 2){
System.err.println ("USAGE:\nSocketTextStreamWordCount <hostname> <p
ort>");
return;

}
String hostName = args[0];
Integer port = Integer.parselnt(args[l]);



// set up the execution environment
final StreamExecutionEnvironment env = StreamExecutionEnvironment

.getExecutionEnvironment () ;

// get input data
DataStream<String> text = env.socketTextStream(hostName, port);

text.flatMap (new LineSplitter()) .setParallelism(1l)

// group by the tuple field "0" and sum up tuple field "1"
.keyBy (0)
.sum(l) .setParallelism(1l)

.print () ;

// execute program
env.execute ("Java WordCount from SocketTextStream Example");

/**
* Implements the string tokenizer that splits sentences into words as
a user-defined
* FlatMapFunction. The function takes a line (String) and splits it in
to
* multiple pairs in the form of " (word,1l)" (Tuple2&lt;String, Integer&
gt;) .
*/
public static final class LineSplitter implements
FlatMapFunction<String, Tuple2<String, Integer>> {
@Override
public void flatMap (String value, Collector<Tuple2<String, Integer>
> out) {
// normalize and split the line
String[] tokens = value.toLowerCase () .split ("\\W+");
// emit the pairs
for (String token : tokens) {
if (token.length() > 0) {
out.collect (new Tuple2<String, Integer>(token, 1));

BEMar 1 THIRE socketiSimAYipFim D , PARERI— M HITIAER | MsocketRisEEREL
&, splith BN ERFRYAR , FHERIEATERIRITHEL , &IRFTENHR. XMIFEEEMITK



IR EEE R VRENALREEE A SHERET.

1.1 flink¥1TIRIE
EFPRIEE , NXEFEA.

final StreamExecutionEnvironment env =

StreamExecutionEnvironment.getExecutionEnvironment () ;

XITRBSIRE— T ARHITINEG. FUTHREREZENMInkIZEFHITI E T |, IBRTHEXE
B (WHTES)  FHREET—FIAEZE  EBSARNAE | IREEFRETEMUE
Mexecute/5i£%F. WTFDHURMIERRFRRN , FAIELBHENXflatMap, keyByEFEEig
{E , EL ERTLARME A—MEE | SFIRBIMERFEIIRA T HAHNEF  MEEFEITERN
RIBAELL, BTFRMNZERETinkiZF , BT BEsRE—D
LocalStreamEnvironment , &EE(IEAAERNexecute TERABEIERNES. il
EFTE.

1.2 HF ( Operator ) BYEA ( &=EH )
A ILAflatMap/affl, text . f1atMap (new LineSplitter ()) X—AIRIRERFHFIRIXFERY

public <R> SingleOutputStreamOperator<R> flatMap (FlatMapFunction<T, R>
flatMapper) |

TypeInformation<R> outType =
TypeExtractor.getFlatMapReturnTypes (clean (flatMapper) ,
getType (), Utils.getCalllLocationName(), true);

return transform("Flat Map", outType, new StreamFlatMap<> (clean
(flatMapper))) ;

}

EBETH THRHESE , —EARSERIT flatMapEFHYEHER | —24 7T — NOperator,
flinkRITEIZOEES: | EBEIEMNBNR—MMEBLEOperator#THENMIE | &5
RLGIHRANTE, WEIENE—RGEEEIE LRk /I—operator , FB AT AtV ERY
EATT, , operatorZ (At ATLASE B — N chain—#2iE ( TS B STt EEnTRRE ) |
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=
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DataStream<String> linez = env.addSource |
- . . ; , — Source
new FlinkFEafkaConsumsr<>(.)});
DataStream<Event> eventz = lines.map((line)} -> parse(line)}; - Transformation
DataStream<Statistics> stats = ewvents
eyBy (Uid")
. . . A —  Transformation
LtTimeWindow (Time. sscond=s(10)) '
.apply (new MyWindowfiggregationFunction()};
stats.addSink (new BollingSink(path)); } Sink
Source Transfarmation Sink
Operator Operators Cperator
keeyBy ()
Source map(] window{ 1/ Sink
\ I y
i_ Stream ,

Streaming Dataflow
ENBTLAESSlinkfYIZE | EXEAEXNEMEFHITchaindhIE |, SENFEN RS —
Mchaing,
FERBHNRG—Ttransform A EAEARIR[EI—NSingleOutputStreamOperator , ©
#% 7 DatastreamzEHEEN 7 —L5HBI5E | HEXSRAYRIE. TREIZA] , transform’s
EMEEEME THITINES (EEERNTERNMEESERIE ) . HAGURE , 821F
keyBy , sumflprint , #3REARNEF , EXEHMEPE—HFAIMER , B4R — M operator
FEMLAHITINERTAMDAG,

1.3 ZFR9T

*Er%_#l,ﬁ_'ﬂﬂ env.execute ("Java WordCount from SocketTextStream Example") ﬁ?j_"f‘%

ER



1.3.1 AiER, FAYexecute Tk
XITRBEEMT LTSS -

o “£piStreamGraph, URIEFRUIAFNGN , EMEPREEREERIIE.

o “4pkJobGraph, XPMEIRERLElinkEEtaskBIE.,

o £R—RFIEE

o FJobGraphfIEERELElinkEERF RIE T. MNRARRUIZITHIE , KITjarX (HEd K
BREEMT A,

o LIAHMETUEITHNE | ILABRIEHEE | (NEaEREEE. webt&IR, JobManager,
ResourceManager, taskManagerZ&&

o ENESS. EE—IRNIRERMNMESZA , FoEs 7 — T AFXRINEES | X KNEEsa]
AR SRS — LA s, TR s NSRRI T,

1.3.2 imfEtEZ ( RemoteEnvironment ) fexecutesix

EEENEFRTEINIEEB—R. E—ARIKEStreamGraph , SA/5AA
executeRemotely /55 TITiEHIT.

ZIiEE SRR — AP AEINEES

ClassLoader usercodeClassLoader = JobWithJars.buildUserCodeClassLoader
(jarFiles, globalClasspaths, getClass () .getClassLoader()) ;

RIECIE—FRFIERE | 32%8Clientddg. ClientiXMAEERE , ENECHAIEX B4 2 IR
TEERH T 3ZIERYZE Fim.

ClusterClient client;

try {
client = new StandaloneClusterClient (configuration) ;
client.setPrintStatusDuringExecution (getConfig () .isSysoutLo
ggingEnabled ()) ;
}
}
try {
return client.run (streamGraph, jarFiles, globalClasspaths,
usercodeClassLoader) .getJobExecutionResult () ;

}



clientfrunfsiZ& 54— obGraph , AEEEERELS)obClient, XTFClient,
JobClient, JobManagerZEiEEE , ATLIEXKE :

I async async
syneca message message
/-"—'_-_"""\‘
Client JobClient T JobClientActor s Jo%ﬁiﬂgger

g , JobClienttaZ=L AR89/ F1) obManageri@{S ( ActorZscalafIFs#&tn )
BE{RHB{SESH)obClientActorserk., 1EXIRAY , JobManagerfi@{S(EStE—MActor
5Thke
JobListeningContext jobListeningContext = submitJob (
actorSystem,config,highAvailabilityServices, jobGraph, ti

meout, sysoutLogUpdates, classLoader)

return awaitJobResult (jobListeningContext) ;

BILAEE , iZ75AREE awaltJobResuItT:T%J: FERARIRE T —MoblListeningContext |
BEITIX A Contexta] LIEEFERFIZITHIIASH]

1.33 iEFEmidiz
FERE , BMEFEESX EFRT  BXE

env.execute ("Java WordCount from SocketTextStream Example");

TR IR E— /AR | Bl e RIS,
HAMRERDS , (EAEWEIVT ) 2EaI—TminiCluster , 2ARFHAHRATRS

// LocalStreamEnvironment.java

@Override

public JobExecutionResult execute (String jobName) throws Exception

/ /A FREILER



// SAEhERE, BiERsJobMaster, #H{TleaderiEZs%E%E

miniCluster.start () ;
configuration.setInteger (RestOptions.PORT, miniCluster.getR

estAddress () .getPort ()) ;

/ /RZ{ESEJobMaster
return miniCluster.executedJobBlocking (jobGraph) ;

}
finally {
transformations.clear () ;

miniCluster.close() ;

EXNEERE S0 ZER SERESEEEXN |, BIIMESE"EEH ; WER(1TEEFR
IR :

//MiniCluster.java
public JobExecutionResult executedJobBlocking (JobGraph job) throws

JobExecutionException, InterruptedException {
checkNotNull (job, "job is null");

//TEXE, Ao T jobMaster
final CompletableFuture<JobSubmissionResult> submissionFuture =

submitJob (job) ;

final CompletableFuture<JobResult> jobResultFuture = submission

Future.thenCompose (
(JobSubmissionResult ignored) -> requestJobResult (job.getdJo

bID()));

FINFAERESH , X—RABRDZEHZEABR subnitiob 73ik. BBATBEER

XTI

public CompletableFuture<JobSubmissionResult> submitJob (JobGraph jo

bGraph) {
final DispatcherGateway dispatcherGateway;

try |



dispatcherGateway = getDispatcherGateway() ;

} catch (LeaderRetrievalException | InterruptedException e) {
ExceptionUtils.checkInterrupted (e) ;
return FutureUtils.completedExceptionally (e);

// we have to allow queued scheduling in Flip-6 mode because we
need to request slots

// from the ResourceManager

jobGraph.setAllowQueuedScheduling (true) ;

final CompletableFuture<Void> jarUploadFuture = uploadAndSetJar
Files (dispatcherGateway, JjobGraph) ;

final CompletableFuture<Acknowledge>
acknowledgeCompletableFuture = jarUploadFuture.thenCompose (

/ /X BHATT H1EMsubmi ti{E
(Void ack) -> dispatcherGateway.submitJob (jobGraph, rpcTime
out));

return acknowledgeCompletableFuture.thenApply (
(Acknowledge ignored) -> new JobSubmissionResult (jobGraph.g
etJobID()));
}

IXEERY Dispatcher B—MEWjob , AETEIRJobMasterXEaMESHIZE FATITLIEEEH

REH

BRANEI., EAMIMETEEIRIRZ vinipispatcher |, TEEEF LIRSESHT | &EF

_tﬁgﬁbﬂgggStandaloneDispatchero
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;ﬂB/L\iz/l\DiSpatChGFRHﬂTH'/A\UE ? EEE)JT—/P JobManagerRunner ( ﬁiﬁ%ﬂﬂ%ﬂinkﬁ’\]
e, XPNERAMZIUEIobMasterRunnerA 3T , flinkEAYJobMasterflJobManageri2
—ANIRAG ) , &¥EJobManagerRunnerASalizJobly dobMaster . FAIIE—FXIMAHL
5

//jobManagerRunner.java
private void verifyJobSchedulingStatusAndStartJobManager (UUID
leaderSessionId) throws Exception {

final CompletableFuture<Acknowledge> startFuture = jobMaster.st
art (new JobMasterId(leaderSessionId), rpcTimeout);

SAlE | JobMasteriZ2id T —HFEREZ R , PUTEITIXE

private void scheduleExecutionGraph () {
checkState (jobStatusListener == null);
// register self as job status change listener
jobStatusListener = new JobManagerJobStatusListener () ;
executionGraph.registerJobStatusListener (jobStatusListener) ;

try |
//XBFAT ExecutionGraphIBshA TR
executionGraph.scheduleForExecution () ;

}
catch (Throwable t) {
executionGraph.failGlobal (t) ;

HATAE | flinkfEZREE =EEEM , HPExecutionGraphF2EIEHHITHIEE—E | BT
DIERXEALE , —MESNEZBBEIERTHRENET Y |, HIBEI—T (IMERE— Tz
FEIRRATATRAEXE! ) -

o EFERiBHexecute5EHIT ;
o AHIMET , MiniCluster5epl 7 KEB2ES , BEIEFBESEIRLS T MiniDispatcher ;



o ITFEIMET , Bl T— RestClusterClient , IX'NESLIHTTP RestfyAERAFHS
RREISEEE L
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F& JobSubmitHandler , IXPEIEF Ti5K/G , &kStandaloneDispatcherjgzfjob , F|
XEBZfE , AERIITERERNEEEEN A —T ;

e DispatcheriZEFjob2Zjg , £LAML— JobManagerRunner , AFAIX M runnerf3x5)
job ;

e JobManagerRunneriZ FEiEjobA28 7T JobMaster KAME ;

o JobMaster{$i[ ExecutionGraph FNZEBIMNTENMTE | BMESHSEhEERT.

Zlt , F—EPOHHT T .

2 IBfEflink B 145+

F—EDHE , RIINERHMEE—TESHEEMStreamGraph , AfE4%RkJobGraph , #A
BRULCTFHEREESIET . AL T REAINXEBATF | BREIRFESink,

2.1 flinkf=EEIEHS

EsL |, flink @I T =FERIHHS: |, BIFIEESERE] T StreamGraphflJobGraph |, i
B—#Z2ExecutionGraph , 2T RAENEREIESEA.,
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FHTIBEIT XL ZESLI
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2.2 StreamGraphHJ&ER;

EE—TNEFEMES |, HAITLUBZ , flinkiEE— M EFtransformpi—/ NI i7HEE R
( Eean 32 4R ERISingleOutputStreamOperator2—{NDataStreamfyF3 ) , FHETH
FHITIRE T |, BT&ERStreamGraph, SCRREERStreamGraphfI AN

,—?5 StreamGraphGenerator.generate (env, transformations) EEF!Egtransformationsx%—

Mist , BEICRIFEIKA I Etransform AU RAIE F.

2.2.1 StreamTransformationZ8XE T iRVt
StreamTransformationft £ 7 M\— N8 Z/\DataStreamEpEDataStreamgiRfE, I
f& , DataStreamz=EEWEPHES T — StreamTransformation3$ , SCRRAVERIRIR(EITEITIZ
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LAMapFunction /g :

o 555, APRIBEENRIUDFEWIEREZIRT | AF3LLEStreamMapiX~operator

tH—Ea%, BJLE , & Transformation#B33i T — StreamOperator,
o HTFmapiXMRMEREZ— A | ATLAB#HHF—2 83 90nelnputTransformation,

o &[5 , BiztransformationEMEIHITINGES , ZIT EIUREIRIgenerate5iARS |, 4%

StreamGraphBE%514,

Bob , HAREE— StreamTransformation #£tEaR runtime ERIITRIR(E,
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2.2.2 StreamGraph&=pERE ST
FAIMStreamGraphGenerator.generate() /55X F & :

public static StreamGraph generate (StreamExecutionEnvironment env,
List<StreamTransformation<?>> transformations) {
return new StreamGraphGenerator (env) .generateInternal (transform
ations);

}

//7EE, StreamGraphf4E BiE M sinkFFIAMH

private StreamGraph generatelInternal (List<StreamTransformation<?>>



transformations) {
for (StreamTransformation<?> transformation: transformations) {
transform(transformation) ;
}

return streamGraph;

/) ENFIERRZ OE E R F I E AR steamOperator EMFZERY, FHPITHANHIERIE,
HENLTEIB—KHif-else

private Collection<Integer> transform(StreamTransformation<?>

transform) {
if (alreadyTransformed.containsKey (transform)) {
return alreadyTransformed.get (transform) ;
}
LOG.debug ("Transforming " + transform);

if (transform.getMaxParallelism() <= 0) {

// if the max parallelism hasn't been set, then first use
the job wide max parallelism

// from theExecutionConfig.

int globalMaxParallelismFromConfig = env.getConfig () .getMax
Parallelism() ;

if (globalMaxParallelismFromConfig > 0) {

transform.setMaxParallelism (globalMaxParallelismFromConfig) ;

}

// call at least once to trigger exceptions about MissingTypeln
fo
transform.getOutputType () ;

Collection<Integer> transformedIds;
/ /X BRI E BT RN, FFRULA AN KA IEZE . BE 2, RN
(OTTARRE AR AT LI A&
if (transform instanceof OnelnputTransformation<?, ?>) {
transformedIds = transformOnelnputTransform ((OneInputTransf
ormation<?, ?>) transform);

} else if (transform instanceof TwoInputTransformation<?, ?, 2>

transformedIds = transformTwoInputTransform ((TwoInputTransf

ormation<?, ?, ?>) transform);



} else if (transform instanceof SourceTransformation<?>) {
transformedIds = transformSource ((SourceTransformation<?>)
transform) ;
} else if (transform instanceof SinkTransformation<?>) {
transformedIds = transformSink((SinkTransformation<?>) tran
sform) ;
} else if (transform instanceof UnionTransformation<?>) ({
transformedIds = transformUnion ((UnionTransformation<?>) tr
ansform) ;
} else if (transform instanceof SplitTransformation<?>) {
transformedIds = transformSplit ((SplitTransformation<?>) tr
ansform) ;
} else if (transform instanceof SelectTransformation<?>) {
transformedIds = transformSelect ((SelectTransformation<?>)
transform) ;
} else if (transform instanceof FeedbackTransformation<?>) {
transformedIds = transformFeedback ((FeedbackTransformation<
?>) transform);
} else if (transform instanceof CoFeedbackTransformation<?>) {
transformedlIds =
transformCoFeedback ( (CoFeedbackTransformation<?>) transform);
} else if (transform instanceof PartitionTransformation<?>) {
transformedIds =
transformPartition( (PartitionTransformation<?>) transform);
} else if (transform instanceof SideOutputTransformation<?>) {
transformedlIds =
transformSideOutput ( (SideOutputTransformation<?>) transform);
} else {
throw new IllegalStateException ("Unknown transformation: "
+ transform) ;

}

/ /EEX BARETF AR A RN N, FER A B E R LB R
// need this check because the iterate transformation adds
itself before
// transforming the feedback edges
if (l'alreadyTransformed.containsKey(transform)) {
alreadyTransformed.put (transform, transformedIds) ;

if (transform.getBufferTimeout () > 0) {
streamGraph.setBufferTimeout (transform.getId (), transform.g
etBufferTimeout ());
}
if (transform.getUid() != null) {



streamGraph.setTransformationUID (transform.getId (), transfo
rm.getUid()) ;
}
if (transform.getUserProvidedNodeHash () != null) {
streamGraph.setTransformationUserHash (transform.getId (), tr
ansform.getUserProvidedNodeHash () ) ;
}

if (transform.getMinResources () != null && transform.getPreferr
edResources () != null) {
streamGraph.setResources (transform.getId (), transform.getMi
nResources (), transform.getPreferredResources());
}

return transformedIds;

EAmap , filterEFE BR{EEEE0nelnputStreamOperator, A JFKE

%;transformOneInputTransform((OneInputTransformation<?, ?>) transform)f:ﬁi&°

private <IN, OUT> Collection<Integer>
transformOneInputTransform (OneInputTransformation<IN, OUT> transform)

{

Collection<Integer> inputlIds = transform(transform.getInput())

// TEEPMET R, EATRREEAWHMAF T MR T, FEB
if (alreadyTransformed.containsKey (transform)) {

return alreadyTransformed.get (transform) ;

/1 EBE R slotSharingGroupe XANgroupAKE XM ATFKTFELL IR AKX MR
ERFRT DABRAH 23R (ERF chainBll— s Lo t B TIRAE

/ T RABIHRI TR BERNHE £ 1 ink BV IchainR &

/ /= A slotfB— A PITtaskRIERS

String slotSharingGroup = determineSlotSharingGroup (transform.g
etSlotSharingGroup (), inputlIds);

/ /3B Z%operatorMAE

streamGraph.addOperator (transform.getId(),
slotSharingGroup,
transform.getOperator (),

transform.getInputType (),



transform.getOutputType (),
transform.getName () ) ;

/ /3 FkeyedStream, FHTEEICREMkeySelectorik
//£1inkIF AR EIEAET N keyedStreamfRF— 1 key, MEBRFTEAE ke y IR
EMFE R keySelector AIEHITITE
/ /BB, FATBE X HMkeySelectorFiARERIERTFM
/ /B AN BreyGroupMIHEIRI IS B IKIRE X — R
if (transform.getStateKeySelector () != null) {
TypeSerializer<?> keySerializer = transform.getStateKeyType
() .createSerializer (env.getConfig())
streamGraph.setOneInputStateKey (transform.getId (), transfor
m.getStateKeySelector (), keySerializer);
}

streamGraph.setParallelism(transform.getId (), transform.getPara
llelism());

streamGraph.setMaxParallelism (transform.getId(),
transform.getMaxParallelism()) ;

[/ AEBIT R AE BRI LA
//XBA BRI ZBTIRE M select union partitionZE @D &I A\edge
ENpUKE
for (Integer inputId: inputlIds) {
streamGraph.addEdge (inputId, transform.getId(), 0);

return Collections.singleton (transform.getId())

public void addEdge (Integer upStreamVertexID, Integer
downStreamVertexID, int typeNumber) {
addEdgeInternal (upStreamVertexID,
downStreamVertexID,
typeNumber,
null,
new ArrayList<String> (),
null);

}

//addEdgef)SKHl, £&H—ZET A

private void addEdgeInternal (Integer upStreamVertexID,
Integer downStreamVertexID,
int typeNumber,
StreamPartitioner<?> partitioner,



List<String> outputNames,

OutputTag outputTag) {
/ /ANFEAR R ML TR, NEsideINBIEAERT QEEAL, FHEEAA
if (virtualSideOutputNodes.containsKey (upStreamVertexID)) {

int virtualld = upStreamVertexID;

upStreamVertexID = virtualSideOutputNodes.get (virtualld) .f0

if (outputTag == null) {
outputTag = virtualSideOutputNodes.get (virtualld) .fl;
}
addEdgeInternal (upStreamVertexID, downStreamVertexID, typeN
umber, partitioner, null, outputTaqg)
/ /AR AN R select, NiBselectH NIAEAZAT RENHIAL
} else if (virtualSelectNodes.containsKey (upStreamVertexID))
int virtualld = upStreamVertexID;
upStreamVertexID = virtualSelectNodes.get (virtualId) .f0;
if (outputNames.isEmpty()) {
// selections that happen downstream override earlier s
elections
outputNames = virtualSelectNodes.get (virtualld) .fl;
}
addEdgeInternal (upStreamVertexID, downStreamVertexID, typeN
umber, partitioner, outputNames, outputTag)
/ /IR RBpartitionT AL
} else 1if (virtualPartitionNodes.containsKey (upStreamVertexID))

int virtualld = upStreamVertexID;
upStreamVertexID = virtualPartitionNodes.get (virtualld).f0;
if (partitioner == null) {
partitioner = virtualPartitionNodes.get (virtualId) .fl;
}
addEdgeInternal (upStreamVertexID, downStreamVertexID, typeN
umber, partitioner, outputNames, outputTag)
} else {
/ /IE®E HedgeibiE@ g
StreamNode upstreamNode = getStreamNode (upStreamVertexID) ;
StreamNode downstreamNode =
getStreamNode (downStreamVertexID) ;

// If no partitioner was specified and the parallelism of
upstream and downstream

// operator matches use forward partitioning, use rebalance
otherwise.

if (partitioner == null && upstreamNode.getParallelism() ==
downstreamNode.getParallelism()) {



partitioner = new ForwardPartitioner<Object>();
} else if (partitioner == null) {
partitioner = new RebalancePartitioner<Object> () ;

if (partitioner instanceof ForwardPartitioner) {
if (upstreamNode.getParallelism() != downstreamNode.get
Parallelism()) {
throw new UnsupportedOperationException ("Forward pa
rtitioning does not allow " +
"change of parallelism. Upstream operation:

" + upstreamNode + " parallelism: " + upstreamNode.getParallelism() +
", downstream operation: " + downstreamNode
+ " parallelism: " + downstreamNode.getParallelism() +

" You must use another partitioning
strategy, such as broadcast, rebalance, shuffle or global.");

}

StreamEdge edge = new StreamEdge (upstreamNode,
downstreamNode, typeNumber, outputNames, partitioner, outputTag);

getStreamNode (edge.getSourceId() ) .addOutEdge (edge) ;
getStreamNode (edge.getTargetId() ) .addInEdge (edge) ;

2.2.3 WordCountgRz{aIStreamGraph

flinkiZ it 7T—/\StreamGrapha] it B~ TH , 7EXE

BT LABEA JRIRE R T RIFTED

SE system.out.println (env.getExecutionPlan ()); SFHIFIXNMuLE , gk , W0E

Fi -

Data Source (ID = Operator (ID = Operator (ID = Data Sink (ID =
" 2 5 9

Source: Socket Stream Flat Map Keyed Aggregation Sink: Unnamed
Parallelism- 1 Parallelism 1 Parallelism- 1 Parallelism- 1

BRI, BITEEFHEE(LR T4 operator,
54h , fEoperator [ARIELE H B B T AlinkiR NN —tBERE., HTFRISETEMEE
FFHFHITEEZL , FRLAESMEERZBEREZFORWARD |, AFfEshufflefUid7E.


http://flink.apache.org/visualizer/

2.3 JobGraphf94Rk,

flink&iRIE_ E—F 4 pAIStreamGraph&EaiJobGraph |, X514 )obGraph&i%Rlserverigift
fTExecutionGraphBJ##EHT,

2.3.1 JobGraph&=pgiEg
5StreamGraphZ&{il , JobGraphBIANO 7%

E%StreamingJobGrathenerator.createJobGraph() o %%ﬂ]EiE%ﬂ%%?ﬂEﬁS

private JobGraph createJobGraph () {

// EERIMECAFTE T RISFE— I EMEs

JjobGraph.setScheduleMode (ScheduleMode .EAGER) ;

/] BN T REMhash id
Map<Integer, byte[]> hashes = defaultStreamGraphHasher.traverse
StreamGraphAndGenerateHashes (streamGraph) ;

/] AT RIFFRAMEAZMhash

List<Map<Integer, byte[]>> legacyHashes = new ArraylList<>(legac
yStreamGraphHashers.size ()) ;

for (StreamGraphHasher hasher : legacyStreamGraphHashers) {

legacyHashes.add (hasher.traverseStreamGraphAndGenerateHashes (streamGrap
h));

Map<Integer, List<Tuple2<byte[], byte[]>>>
chainedOperatorHashes = new HashMap<> () ;

//HEjobvertex, #Bfichain%F

/ /XBHZEABEILIER A, BNBHTR, MRATRE— N chainfkT R,
AMEM— N Jobvertex, MRAERTR, MBEIEEFHEHAKTR, RFIELNTRMNEC
I IAAEE | ST ABEchainfITT R, HERFKT R IERIT]

setChaining (hashes, legacyHashes, chainedOperatorHashes) ;

/I ZEHI A\ fledge

setPhysicalEdges () ;

/ /& EslotFgroup

setSlotSharing () ;

//BLERE R

configureCheckpointing () ;

// RBZBREFANECERNE, ERMEA



for (Tuple2<String, DistributedCache.DistributedCacheEntry> e :
streamGraph.getEnvironment () .getCachedFiles()) {
DistributedCache.writeFileInfoToConfig(e.f0, e.fl, jobGraph

.getJobConfiguration()) ;
}

/] ABBEPITHRECE

try {
jobGraph.setExecutionConfig (streamGraph.getExecutionConfig (

}
catch (IOException e) {
throw new IllegalConfigurationException("Could not serializ

e the ExecutionConfig." +
"This indicates that non-serializable types (like c

ustom serializers) were registered");

}

return jobGraph;

2.3.2 operator chainf9;Z4g

ATEEXS T | FlinkeRrTgeitiGoperatorJsubtaski#Z ( chain ) fE—#2
FRkitask, B M taskiE—NEFEFTHIT. iGoperatorsiEizmlitaskB2IEEBTHHINM : ©
e SR [BRITIHR | IBERRIFIW/ RFFIL | ISR R P AR | >
THERMFERIRERANEILE.



\ Rebalance | Flat | Hash | Key | Forward | Sink | ¥R
. Map . Agg | (GEHEIE)

I Souroe |

/ source | — o L meEn
A\ @ T AN, Y G HAE)

 FlatMap  KeyAgg sk
\ (@2 ) @2 @)

/ ' FlatMap |  KeyAgg  Sink |
iR, w2 E w2y (12 !

/s L el 4 et CL mER
a:lr;(;e s, P o S (RALERE)

e | FlatMap | Key Agg . Sink
©@ B O

—

J:lEPJ—rKeyAggregatloniFuslnkﬂﬁ/\operator ﬁTA# ltLﬂﬁ BHEATSHEE
REUHEINERD. (BR , HARIEEM operator FigE chain —&EfY, HERHARREFTZIAY :

o FTFHHFHITE—

o THTRIIAEANL (tBHER FFHRRBEREEMTRAIEA )

o THETREMER— slot group & ( FTESHEE slot group )

o TiFFmAY chain 5REEJ9 ALWAYS ( BTLAS ETRHERE , map. flatmap. filters
BRAZALWAYS )

o LiiFTimAY chain ZRE&J/9 ALWAYS 8 HEAD ( ReE5 NistkiE | 1ee5 Lirrsk
% , SourceBAIAZHEAD )

o MNTREEUESXSIRE forward ( SEIBBEIERNSX )

o FFIRHBZEHA chain



flinkfchainiBiEE—FMREE WAYIRIT | tkilspringflinterceptortt 2XERIST A, Bid
IEIRERF B — N RIRIERT | flinkife TIBEUERI GBI B XS EHMT =AY | 88
T R AKILRIER,

2.3.3 JobGraphfigaz
BIEE&422 , JobGraphgdigaz ikt FJobClientflJobManagerZ A EEE(S |, WEFRT

7N
ActorSystem
SubmitJobAndWait i i SubmitJob

JobClientActor

% %Actorﬁystem

JobClient

JobManager

fEsubmitlobAndWaitFiEd , EFfc<tliE— N JobClientActorgyActorRef JAERE &S
—ANSubmitJobAndWaitiHE. , 1ZEEE)obGraphfIsLiligazss)obClientActor, &IEHER,
Rask , ERTFEE—TNEHEE.

Future<Object> future = Patterns.ask(jobClientActor, new JobClientMessa
ges.SubmitJobAndWait (jobGraph), new Timeout (AkkaUtils.INF TIMEOUT()))
answer = Await.result (future, AkkaUtils.INF TIMEOUT()) ;

iZSubmitJobAndWaitiEE#JobClientActoriziilfe , RARBITEMAtryToSubmitlobZsixfit
KEIFANRAIENE. JobManagerfifactoriZIEIEH clientisfgiEkfE , £HT—
submitlob7gix , EEMLATEIS :

[IBlobLibraryCacheManageriEffizJob ;

¥g%EExecutionGraph¥is: ;

X$JobGraphFHENRFIHI TR ;

EDAGHF M MsourceFHaHEEF |, HEFERITRRESHIANEIEXec> - utionGraphXd



5

o REMEERBEXNEE , HiEHIREEIExecutionGraphiigt ;

e [HlExecutionGraph;iEAftExlistener ;

o HITIREERIFEIEIE)obGraphfSRE \Submitted)JobGraphStore L ATE/Z 42Tk
SEHI;

o L4522 Fig)obSubmitSuccessigg ;

e XjExecutionGraphII&RFTEERIT ;

&= , JobMangerRiREliHR 4 obClient , BRNZIESZ 2 E R,
2.4 ExecutionGraphHI&ER;

5StreamGraph#lJobGraphA & , ExecutionGraphHAREEFKAINZFIRIEFER , T2
EIRSS % ( JobManageril ) Y |, IMEflink 24— N obManager, EANOKES

£ ExecutionGraphBuilder.buildGraph (...)

1Z 75151200517 , H—K¥EcheckpoiontfUtExiZig , i 1EEKY , BEEZ O

X executionGraph.attachJobGraph (sortedTopology)
EExecutionGraphZsL F REXFN 7 JobGraphfIE8 N , MSEXNBMAHINEEH T
&, FRLMRIBE R EIR NEjobVertexHiTRME

for (JobVertex jobVertex : topologiallySorted) {
if (jobVertex.isInputVertex () && !jobVertex.isStoppable())

this.isStoppable = false;
}

[/ EXB A fExecutionGraphfIENTT A
//EERIHITT —HRE, BESEEXLAEERNETR, MRREHFITES
=
/I RERBIBEAT mfIntermediateResult, RIBAT mA T R
e I JL#%
/ /R AR E NI TELR A THITraskExecut ionvertex
/ /AR JobBERE inputsplitiE, XEBEHEFEE inputsplits
ExecutionJobVertex ejv = new ExecutionJobVertex (
this,
jobVertex,



1,
rpcCallTimeout,
globalModVersion,
createTimestamp) ;

/ I IXERALIETAR TobEdge

/ /5N edge, TN A intermediateResult, FIBRKEIAT RN L
//E&Ja, IBE M ExecutorVertexMX WM IntermediateResul t KELFC K
ejv.connectToPredecessors (this.intermediateResults) ;

ExecutionJobVertex previousTask = this.tasks.putIfAbsent (jo
bVertex.getID(), ejv);
if (previousTask != null) {
throw new JobException (String.format ("Encountered two j
ob vertices with ID %s : previous=[%s] / new=[%s]",

jobVertex.getID(), ejv, previousTask))

for (IntermediateResult res : ejv.getProducedDataSets()) {
IntermediateResult previousDataSet =
this.intermediateResults.putIfAbsent (res.getId (), res);
if (previousDataSet != null) {
throw new JobException (String.format ("Encountered t
wo intermediate data set with ID %s : previous=[%s] / new=[%s]",

res.getId (), res, previousDataSet))

this.verticesInCreationOrder.add (ejv) ;
this.numVerticesTotal += ejv.getParallelism();
newkExecJobVertices.add (ejv) ;

Z|lt, , ExecutorGraphsiElETem T .
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Flink %ﬁ)*'ir)]}: BitaEs— JobManger #1ZMHY TaskManager, FAFHHYIESH
JobClient 123244 JobManager , JobManager BiEskERAREBFPINES &4 RN
TaskManager%#u—; &/ TaskManagerZIEE L Mask , taskERITITERIR/INGH |,
TaskManager & OBISZEITHEEICIRE JobManager, TaskManager ZBLARAIZ T
HUBRYEH., LIABR T taskIMYI=ETY MY JVM HEE.

FEEHIRZ | TaskManagerfljobHIF—XMAIK R, flinkiAERSR/EITEtaskiniF
TaskManager , 152 , SkREAREjobHIAREtaskalagiz{TFE—"TaskManagerfid A<=
Sz L.



Cancel job

Fail and job restartable
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Restarted Fail job

Fail job

Schedule job All job vertices

Cancel job Suspend job

Cancel job

Cancel job

Suspend job

All job vertices
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Suspend job .
Suspend job

—MIinkKESFATTREORSI LERTR. B EEARIBE , SIAEERT.
3.1 TESRRIEE

Task slot@—"TaskManagerAZELDEHIR/NEAR , AR T — T EEXNREFE B
MTaskManageraBEM SBHREIFRESEER S ot,

BISIEEE task slot B92(E , AP EILUE Y taskZ [ B2AEHEERER. 84 TaskManager
B—"slot , tBEEEREE Maskiz{TEMIIAY JVM ., B4 TaskManager % slotly
&, RS MaskiziTER—MN VM,

MER—MVMiEiERHtask , ATLARETCPIEE (ETSKRER ) MMOBNER , aTLUR S
EAOMEERE |, thaeEE—LEURE , —EfRE LR 7B MtaskiiBiE.



TP slotAILAERZ B M task , BRTLIRZ 21 &k taskéHRkRIpipeline , 21 NEFT
7~ , FlatMapiREg 5 FB—Mtaskslot , Mkey AggiREFFOsinkERETHFA— M taskslot :

Processes\‘
TaskMa:tager/ TaskManager

TaskSlot TaskSlot TaskSlot TaskSlot
_:---;_:-::.-; ----- - l/,_..-—-...,\l 'i /___._._:7,..‘—..,\}

- S \_.___/__’__;‘_____/'_J

Threads Threads

ATIRFIHEAsIotBRY , BT LULAchaingA K pipelineEF , HABERAT LS
SlotSharingGroup , 0B :

Processes
TaskManager TaskManager
_TaskSlot TaskSlot TaskSlot
i /,_.--—--..,\ ! — —
| Source |
\ 11 /
. vy
' —, 5 S ——
( Fatwiap e N
l.._\ a[l] P ‘_.-l I Ag“ |: S[I;Ill | E
\.____ . ___./ \\‘..--[ ]--:.5‘..-- b ---./,- '_,E

BeA TAT LUEABERR chainali—5RAIF ME(EADflatmapFikey & sink IE— N TaskSIot EBH#14T |
AR LBRIELAT AL -

o HHAsIOEERIIFABRERITRESMESFENIStask#i B | EENGESEFAIFTERH
o MIHERFNANAERES, gl , BENEEREFmapflEELREIFAggregate A B
BIFEBE—NEIE , MEULMER—MEERHRIT , MEXTslotBIRANZS |, FATILUE

KB MtaskiIFHTE T,
BRI IR A E MAYESR I ABflink 22T E sl othy :



4 ™
TaskManagerl TaskManager2
SharedSlot(0) |
* SimpleSlot(0)
(Source)
@ allocate ; SharedSlot “-- (@ allocate a subslotin the SharedSlot for Source
¥ -
4 ™
TaskManagerl TaskManager2 ‘
SharedSlot(0) | SharedSlot(0) ‘ |
x
SimpleSlot(0) SimpleSlot(0)
(Source) i (FlatMap[2])
@ allocate a subslotinthe ,  SimpleSiot(1) @allocate a new SharedSlot e
SharedSlot for FlatMap[1] (FlatMap[1]} ® allocate a subslot in the new
SharedSlot for FlatMap[2]
- ‘ s
4 N
TaskManagerl TaskManager2 ‘
SharedSlot(0) | SharedSlot(0) ‘ |
SimpleSlot(0) SimpleSlot(0)
(Source)} (FlatMap[2])
SimpleSlot(1) SimpleSlot(1)
(FlatMap[1]} (Key->Sink[2])
©allocate asubslotinthe | SimpleSlot(2) @ allocate a subslot in the other
SharedSlot for Key->Sink[1] (Key->Sink[1]) SharedSlot for Key->Sink[2]
J

> w N RS

TaskManagerlsfc— SharedSlot0

Bsource taskpIN— SimpleSlot0 , BiEizsloti A\ SharedSlot0
iEflatmap taskiEA—" SimpleSlotl , BiBiZslotai\SharedSlot0
REAFAIRflatmap taskHITER2 , RIttABEESharedSlot0 , FrLA[E
TaskMange21ERigF 7 — M #AYSharedSlot0

B _Mlatmap taskBoH—1 #rAYSimpleSlot , FHrHTaskManager2fy

SharedSlot0

FrinitiEkey&sink task , EANEFTEBRE2 , FrLASESE—Maskptdt
TaskManagerlfJSharedSlot
EE_Nkey&sinkpifTaskManager2fySharedSlot

3.2 JobManager#ffTjob




JobManagerﬁl\ 12U flink B91ENL , BEE task , UZEE job AUIRZE. & TaskManagers, #%
SO

3.2.1 JobManagerfy4814

o BlobServer 2— ARG THBIASUFRIIRSS | LLAGREFRF LERjarsts | iZiRSB=
BESRIME F, A8 —%4E8xa935 , aiBlobCache , B FTaskManager[alJobManager
TEFIFRYjarsZ 4

e InstanceManager AR EIR Y FI1EENTaskManagerfiUB{4 , iBR T TaskManagerfii(
BHERF

e CompletedCheckpointStore B FRFETMAYcheckpointiBX(ER |, IFAKEINES
& zookeeper_

e MemoryArchivist {RF 7 ELIRRZZflinkBIFIVAIBRER , WJobGraphZ

3.2.2 JobManagerfy/Sanid i
551 HJobManager/Z sz MRS

def runJobManager (
configuration: Configuration,
executionMode: JobManagerMode,
listeningAddress: String,
listeningPort: Int)
: Unit = {

val numberProcessors = Hardware.getNumberCPUCores ()

val futureExecutor = Executors.newScheduledThreadPool (
numberProcessors,

new ExecutorThreadFactory ("jobmanager-future"))

val i1oExecutor = Executors.newFixedThreadPool (
numberProcessors,

new ExecutorThreadFactory ("jobmanager-io"))
val timeout = AkkaUtils.getTimeout (configuration)

// we have to first start the JobManager ActorSystem because this
determines the port if 0

// was chosen before. The method startActorSystem will update the
configuration correspondingly.

val jobManagerSystem = startActorSystem



configuration,
listeningAddress,
listeningPort)

val highAvailabilityServices =
HighAvailabilityServicesUtils.createHighAvailabilityServices (
configuration,
ioExecutor,
AddressResolution.NO ADDRESS RESOLUTION)

val metricRegistry = new MetricRegistryImpl (
MetricRegistryConfiguration.fromConfiguration (configuration))

metricRegistry.startQueryService (jobManagerSystem, null)

val (_, , webMonitorOption, ) = try ({
startJobManagerActors (
jobManagerSystem,
configuration,
executionMode,
listeningAddress,
futureExecutor,
ioExecutor,
highAvailabilityServices,
metricRegistry,
classOf [JobManager],
classOf [MemoryArchivist],
Option(classOf [StandaloneResourceManager])
)
} catch {
case t: Throwable =>
futureExecutor.shutdownNow ()
ioExecutor.shutdownNow ()

throw t

// block until everything is shut down
jobManagerSystem.awaitTermination ()

BcEAkkaFF4E R ActorSystem , [FaJobManager



BEIHAFImetriclEX<IRSS
® E startJobManagerActors () HiiEPE.'E}JJobManagerActors , L‘,US&

webserver , TaskManagerActor , ResourceManager&&
PEESAFRIL

SR LeaderServiceZFikHJobManagerfiileader

3.2.3 JobManagerfSzfiTask

JobManager —Actor , BIIZHEEKTHIZEE

override def handleMessage: Receive = {
case GrantLeadership (newLeaderSessionID) =>
log.info (s"JobManager S$SgetAddress was granted leadership with
leader session ID " +
s"SnewlLeaderSessionID.")

leaderSessionID = newlLeaderSessionID

BN RERERER

e GrantLeadership 3kf5leaderfZiX , EEHB# D &ZIRY session id 5| zookeeper , F
WEFTERY jobs

e Revokeleadership RIZFleaderi®iX , FIMTNETFIERY job ER2 , (BRREIEIER | iF
tHRFERY TaskManagers

e RegisterTaskManagers ;¥fft TaskManager , JIERZBIEELFNT , NRLEIIRAY
Instance KIXHE , BNSHLEMBLE : 7 InstanceManager FiFEfiZ Instance BYE
B , FH=Z1E Instance BlobLibraryCacheManager i [t %k lib @F) |, BERI{EA
watch ¥50f task manager B9%F&

e SubmitJob 232 jobGraph
Bfa—ISubmint)obFZ2EHATEXEH , NEFimilZEl obGraph , ¥/
ExecutionGraphFHH#17A9SE,

private def submitJob (jobGraph: JobGraph, jobInfo: JobInfo, isRecovery:
Boolean = false): Unit = {

executionGraph = ExecutionGraphBuilder.buildGraph (



executionGraph,

jobGraph,
flinkConfiguration,
futurekExecutor,
ioExecutor,

scheduler,

userCodeLoader,
checkpointRecoveryFactory,
Time.of (timeout.length, timeout.unit),
restartStrateqgy,
jobMetrics,

numSlots,

blobServer,

log.logger)

if (leaderElectionService.hasLeadership) {
log.info (s"Scheduling job $jobId ($jobName) .")

executionGraph.scheduleForExecution ()
} else {
self ! decorateMessage (RemoveJob (jobId,
removeJobFromStateBackend = false))
log.warn (s"Submitted job $jobId, but not leader. The other

leader needs to recover " +

"this. I am not scheduling the job for execution.™)

B —LESTE , #AFIRE—" ExecutionGraph , #I¥2E2RERTjob , AfFHEjoblR
F IR, HFEBAEFRAEEE T%EJZIJJT,EﬁE&D%ﬁﬁwzﬁJobManagerxsleader,LJT;’%
1T executionGraph.scheduleForExecution () Fi% , XN IELT—ZRSER , 2851
ExecutionVertex{&i#45 7 ExcutionZéfideploy /5% :

public void deploy () throws JobException {



// good, we are allowed to deploy
if (!slot.setExecutedVertex (this)) {
throw new JobException ("Could not assign the ExecutionV
ertex to the slot " + slot);
}

// race double check, did we fail/cancel and do we need to
release the slot?
if (this.state != DEPLOYING) {
slot.releaseSlot ()

return;

if (LOG.isInfoEnabled()) {
LOG.info (String.format ("Deploying %$s (attempt #%d) to %
s", vertex.getTaskNameWithSubtaskIndex (),
attemptNumber, getAssignedResourcelLocation () .ge
tHostname ())) ;

}

final TaskDeploymentDescriptor deployment = vertex.createDe
ploymentDescriptor (
attemptId,
slot,
taskState,
attemptNumber) ;

final TaskManagerGateway taskManagerGateway = slot.getTaskM

anagerGateway () ;

final CompletableFuture<Acknowledge> submitResultFuture = t
askManagerGateway.submitTask (deployment, timeout);

catch (Throwable t) {
markFailed (t) ;
ExceptionUtils.rethrow (t) ;

BTSSR T —TaskDeploymentDescriptor , ZA/53245
N taskManagerGateway.submitTask () Efﬁ#l,ﬁ_'o EI%T;EE(J%B%\ , ?}t}%ﬂzTaskManagerE’\Jﬁ
857 .



3.3 TaskManager#tifTtask

3.3.1 TaskManagerfSE AR 4

TaskManagerZflink PR RERREARBN , EMEHITESHELRSS | RHTREFE
H, IOEHE. BEEES IR , AW MESUHITHEN2E.

1. MemoryManager flink7 S BIEERFNEEEFIESIVM |, BAIVMERFEEFE
NWHREER. AREFERNGCHRATIMAZ A, FLflinkBECSHR T —ERNEFEENSG , &
AN SFEFIWERER CHIMemorySegment Ei#HTETE, MemoryMangerid & B
%, BHEESETHI TSI,

2. IOManager flinkiEiZIOManagerEE#AZIONLE |, IRETRLFEMMERT , X
H—E X5 Tblock, bufferflbulk=FfEE 5.

IOManagerfZ&fit TR S T EHE S | —FhEEREBH XA TIEXH , B—FMaEit
HEEA , BN HB USSR,

HERER | flinkigs410i5aFilelOChannle , % 7 [KESCH,



<<Interface>>
FilelOChannel

+ |D: static class
+ Enumerator: static class

+ getChannellD(): FilelOChannel.ID
+ getSize(): long

+ isClosed(): boolean

+ close(): void

+ deleteChannel(): void

—

Extends’

AbstractFilelOChannel

+ id: FilelOChannel.ID
+ fileChannel: FileChannel Extends

+ AbstractFilelOChannel(ID,
writable)

Extends

<<lInterface>> AsynchronousFilelOChannel BlockChannelReader
BlockChannelWriterWithCallback

+ requestQueue: RequestQueue

+ resultHandler: RequestDoneCallback
+ exception: |OException + readBlock(): void

+ seekToPosition(): void

+ writeBlock(): void

+ AbstractFilelOChannel(ID, writable)
+ handleProcessedBufter(): void
+ addRequest(): void

Extends Extends
Extends Extends
AsynchronousBlockWriterWithCallback AsynchronousBlockReader
+ id: FilelOChannel.ID + id: FilelOChannel.ID
+ fileChannel: FileChannel + fileChannel: FileChannel
Extends

AsynchronousBlockWriter

+ id: FilelOChannel.ID
+ fileChannel: FileChannel

+ AsynchronousBlockWriter(queue, segments)
+ getNextReturnedBlock(): MemorySegment
+ getReturnQueue(): LinkedBlockingQueue

afLAEE , flinkE/RESLIR EERIUSRSI A HITES.

3. NetworkEnvironment ZTaskManagerfi4g8 10 A% , B8 7B+ BERIIEUER IR
HEUELESE., BRIMESESA—SERENRFSSS B | 5k NetworkBufferPool Z—
EEANFNREIEN. BERER , EaATIEHEIEN  F1ERREBERMANE  &F
chainfE—EAI T M EFAITAE | TEETNEEANREFIITESEREHE | &
5:6% 7 NetworkBufferPool, [EEEFAIIREXHX MNAFFITIHERDT.

3.3.2 TaskManager#f|f7Task

XFTMES , HiTtaskii2IBUIREIRY TaskpeploymentDescriptor XYERERIRAL— M taskFFit
17a913%2, TaskDeploymentDescriptonX N{R1F 7 taskITFr /iU B RS |, Hlanz5
HRIEF , WIARInputGateflHAIResultPartitionAENX. |, 1i%taskEAE) L subtaskif
17%5%.

IRIRIFRIBIEEE |, FRZEEITMEsubmitTask/EZHITH | BEEMIAEE , NS
JobManagerfiBlob , MEEIMIERE , MRIIEF |, WEEtaskiBX(ER | BT EmEtIE—



Y Task MR, X PMtaskIRMEREFITESRIKERE.

val task = new Task(
jobInformation,
taskInformation,
tdd.getExecutionAttemptId,
tdd.getAllocationId,
tdd.getSubtaskIndex,
tdd.getAttemptNumber,
tdd.getProducedPartitions,
tdd.getInputGates,
tdd.getTargetSlotNumber,
tdd.getTaskStateHandles,
memoryManager,
ioManager,
network,
bcVarManager,
taskManagerConnection,
inputSplitProvider,
checkpointResponder,
blobCache,
libCache,
fileCache,
config,
taskMetricGroup,
resultPartitionConsumableNotifier,
partitionStateChecker,
context.dispatcher)

WREE RN LFIRE X Rblog , EHEBERSNRNMZEAVIRIBHEERT (BRI
brVarManager , XM2EE BTEN , | BTEE XS0 2B NMESPHIHET
2) . ETRNEEES , EEX M MaskBoiiesk AERSiHE L Eatask T

// all good, we kick off the task, which performs its own
initialization
task.startTaskThread ()

sender ! decorateMessage (Acknowledge.get ())

3.3.2.1 ARk Taskxgs:
EfifTnew Task() 5Ll , B5—F EIEMEREENX LT EMRELS Zaitaskidfields,



T REWaResultPartitionflInputGate, IXFISEHEAR T taskAY% HETRFENEE.

for (ResultPartitionDeploymentDescriptor desc:
resultPartitionDeploymentDescriptors) {
ResultPartitionID partitionId = new

ResultPartitionID (desc.getPartitionId(), executionId);

this.producedPartitions[counter] = new ResultPartition (
taskNameWithSubtaskAndId,
this,
JjobId,
partitionId,
desc.getPartitionType (),
desc.getNumberOfSubpartitions (),
desc.getMaxParallelism{(),
networkEnvironment.getResultPartitionManager (),
resultPartitionConsumableNotifier,
ioManager,
desc.sendScheduleOrUpdateConsumersMessage () ) ;

// A N partition¥IB TN Kwriter

writers|[counter] = new ResultPartitionWriter (producedPartitions[cou

nter]) ;

++counter;

// Consumed intermediate result partitions

this.inputGates = new SingleInputGate[inputGateDeploymentDescriptors.s
ize()];

this.inputGatesById = new HashMap<>();

counter = 0;

for (InputGateDeploymentDescriptor inputGateDeploymentDescriptor:
inputGateDeploymentDescriptors) {
SingleInputGate gate = SinglelnputGate.create

taskNameWithSubtaskAndId,

JjobId,

executionId,

inputGateDeploymentDescriptor,

networkEnvironment,

this,

metricGroup.getIOMetricGroup()) ;



inputGates[counter] = gate;
inputGatesById.put (gate.getConsumedResultId (), gate);

++counter;

&fE , BIE— 1 ThreadMI%xR , FHEBCHHZNSR , XEEHRITH , BEMABE T BEENEIE
RIS FE.

3.3.2.2 1517 Taskxdg
TaskWRABHE— 1 Runable , FIttEErunGFZEBENX TIB{TIZIE,
FE—EEURTaskAPIRZ -

while (true) {
ExecutionState current = this.executionState;
/7 /IR ABIRPITIREACREATED, NP HRE ADEPLOY INGHKA
if (current == ExecutionState.CREATED) {
if (transitionState (ExecutionState.CREATED,
ExecutionState.DEPLOYING) ) {
// success, we can start our work

break;

}
/ /AR EEHITIREAFAILED, WAL IBAIFFRE runFik
else i1f (current == ExecutionState.FAILED) {
// we were immediately failed. tell the TaskManager tha
t we reached our final state
notifyFinalState () ;
if (metrics != null) {
metrics.close();
}
return;
}
/ /AR BHTHITIKASACANCELING, R HMBRACANCELEDIRE:, FIRt run
else 1f (current == ExecutionState.CANCELING) {
if (transitionState (ExecutionState.CANCELING,
ExecutionState.CANCELED) ) {
// we were immediately canceled. tell the TaskManag
er that we reached our final state
notifyFinalState();
if (metrics != null) {
metrics.close () ;



}
return;
}
}
/I BURBARET FF
else {
if (metrics != null) {
metrics.close() ;
}
throw new IllegalStateException("Invalid state for begi
nning of operation of task " + this + '.'");
}
}

SOXBEFMEEXR TR , MEfinkEBXE[/ER T Xfhrwhile(true) NEERIESFIMIAA
um, emmm...
BTk SUESANBFEINESFmsEm B,
AE , REMNEESESFMEENES (flinkf IS N EFEIE T TR T KN RS
288 ) | Pl —LEFLURTEIE
E | ENBENEREF Y.
e, BitaskBIZEATENRIER—KIEZERTRIE—MVTIMREnvrionment,
BAAE , WTFBRLEHARE X THtask ( LLIIEMEERH ) EIREEIRE,
ETRREENR

invokable.invoke () ;

5. MTAXAGRE , BAXN G ERERPBEESHFITRIALO. ECanFEiISrTA
new MapFunction(BUiZ1E , REMEEXBEHFHRITH. XBiR—TFiX{invokable , X2—
MgE | RETILE TaskManagerfliTHIRTSRIVE A SR,

XA Ninvokable21Ef#EtT)obGraphBIRHEERFEREERY . F LM REIERTHATRIXIS

// now load the task's invokable code

/ /B RETHE RS &

invokable = loadAndInstantiatelInvokable (userCodeClassLoader,
nameOfInvokableClass) ;



€ = Abstractinvokable

W

€ = BatchTask € & DataSourceTask € = lterationSynchronizationSinkTask €) = StreamTask € = DataSinkTask

€ & AbstractiterativeTask € & OnelnputStreamTask © & SourceStreamTask € & TwolnputStreamTask

€ ' IlterationTailTask € = StreamlterationHead € = StoppableSourceStreamTask

€ = lterationHeadTask € = lterationintermediateTask € = StreamlterationTail

FEERTlinki2EHT BT Task3ER, NBF ERAILIEHEZ MaskdWWER |, HHAH
BiR,

ETRHEinvoke7iA T |, BAEIBwordcountBlFR T imztapi , FELEFAJLAStreamTask
BYinvoke 3£/ iF TR ER.

3.3.2.3 StreamTaskp9h\iTi845
5e EERDRIMRES

public final void invoke () throws Exception {

boolean disposed = false;
try {
/) ======== IRlElalizg —s=—======

/ 1 Fel— LR

// 1f the clock is not already set, then assign a default

TimeServiceProvider

/ /30 timer
if (timerService == null) {
ThreadFactory timerThreadFactory =
new DispatcherThreadFactory (TRIGGER THREAD GROUP, "Time Tri

gger for " + getName());

timerService = new SystemProcessingTimeService (this, getCheckpo
intLock (), timerThreadFactory);

}
/ /3BZ HTJobGraph& K cha i nfHE BT SN
operatorChain = new OperatorChain<> (this) ;

headOperator = operatorChain.getHeadOperator () ;

// task specific initialization



//ZEAN ini tBMERERAIEE iR, FAXEXFEELEEFXAT BE X Mcheckpoint
KENHIRER, BRET — NS ARKENET

init () ;

// save the work of reloading state, etc, if the task is already c

anceled
if (canceled) {
throw new CancelTaskException() ;

/) ==———o== Invoke —--------
LOG.debug ("Invoking {}", getName())

// we need to make sure that any triggers scheduled in open () cann

ot be
// executed before all operators are opened

synchronized (lock) {

// both the following operations are protected by the lock
// so that we avoid race conditions in the case that initialize

State ()
// registers a timer, that fires before the open() is called.

/ /A HIRIETPIRES, ETER —Ystateld

initializeState();
/ /ST ERER, PUTHopeniR{E
openAllOperators() ;

// final check to exit early before starting to run

f (canceled) {
throw new CancelTaskException() ;

// let the task do its work
/ | BIEFF AT RIS

isRunning = true;

run () ;

StreamTask.invoke()Fi£E , F—MEEB—IHIRE Timerservice ., FlinkfE20158EREM
StreamTaskZEN A timer serviceBURHERIRE

This integrates the timer as a service in StreamTask that StreamOperators can



use by calling a method on the StreamingRuntimeContext. This also ensures that
the timer callbacks can not be called concurrently with other methods on the
StreamOperator. This behaviour is ensured by an ITCase.

E-ANETENEchaini®E, BIERET |, flink&HFHBE | IB—%EFchainfi—
BINNEFEA—Mtaskki T, tbalwordcountfilF9 , SourcefIFlatMap&E-FHitfichain
£ —ie. T TchainiB2{ErIAt iR , RiRELT /R FEEERLAYRecordWriter,

ETRAHFTRUDARYIRN . RS HIRHEINISREER T & operator, SNREHR
checkpointhy , BBFiMstatelEREIKE , & 9*?)51?73%%5’9%?&@ NIEBHELIE
F, flinkgtxtkeyed BFF0E J_%'?{E&TZ' ERILIE, keyedBFEVMBITREEITREH—
groupX[a] , XNMXERVEEENERFHRREESAISBETN |, EHkeyHiaiRIEhashiIARRLE
R, DEcE U*‘IEH'JQVOUPEF'£1‘|' ifERR—Aa) |, flinkBSkeyedEFREFHEXTENEHERY
keyWIitE 7% . MIFESSHIkey , AP RER SHRIENE—THUEIRHAIkeySelectorfIEZF
M. EFHATLERKeyGroupiigit , XMEHEYT SHSelE T | BEEENEDHITH
XJF openilioperators () FFi% , MEEXSEZFRichOperatorifiiTHopenfsik , BEARTE
PATIHEZ BIINEE IR,
&fa , 'unZETFERIIGHER | iZA A& d—E5BkE: | &ZEAchain LRISE—1MEFRY
runjgix. fEwordcounttlIBlFH , BEZER T SocketTextStreamFunctionfrun , 37
socketiEEFIENIA,

3.4 StreamTask5StreamOperator

BUIEIRE , TaskXIRERITIIES |, IBHITHUES LS T StreamTaskiX N EEMIT. EFA]
A9wordcountffl 7 , SCRRIIRMAYEOnelnputStreamTaskAINI SR ( &% FEAYZEE ) . BB
AN ISR EA TR PEIAZaYTE ?

protected void run () throws Exception {
// cache processor reference on the stack, to make the code
more JIT friendly
final StreamInputProcessor<IN> inputProcessor = this.inputProce

SSOXr;

while (running && inputProcessor.processInput ()) {

// all the work happens in the "processInput" method



By , ERIBESEERLE T InputProcessorEfifTprocessinputhik, X2—
A streamInputProcessor IS , iZprocessorfI{ESHENIEMANRIZUE , BIERFEL
#&. watermark#checkpointFigZ. i RKREBX N processorBUMal=4RY

public void init () throws Exception {
StreamConfig configuration = getConfiguration ()

TypeSerializer<IN> inSerializer =
configuration.getTypeSerializerInl (getUserCodeClassLoader()) ;
int numberOfInputs = configuration.getNumberOfInputs()

if (numberOfInputs > 0) {
InputGate[] inputGates = getEnvironment () .getAllInputGates (

inputProcessor = new StreamInputProcessor<> (
inputGates,
inSerializer,
this,
configuration.getCheckpointMode (),
getCheckpointLock(),
getEnvironment () .getIOManager (),

getEnvironment () .getTaskManagerInfo () .getConfiguration(),
getStreamStatusMaintainer (),
this.headOperator) ;

// make sure that stream tasks report their I/0 statistics
inputProcessor.setMetricGroup (getEnvironment () .getMetricGro
up () .getIOMetricGroup()) ;
}

XE2OnelnputStreamTask@init5i% , MconfigsEBEIREXStreamOperator{ R , £B S
HinputProcessor, BBAinputProcessor2UAREEHEAINE ? el HEEIRHIFD

public boolean processInput () throws Exception {
if (isFinished) {

return false;



}
if (numRecordsIn == null) {
numRecordsIn = ((OperatorMetricGroup) streamOperator.getMet
ricGroup()) .getIOMetricGroup () .getNumRecordsInCounter () ;
}

//ZE AN while R FIRAMREBAANTERRN (REAEURUAZEAEIETTER)
while (true) {
//EE 1ETHE
//2 TR, SRAXANRFIUSSEIT—ANEIRICE, FHTHET (2R,
YRR watermark$5E) |, RIFHHITI R AHRIE
if (currentRecordDeserializer != null) {
DeserializationResult result =

currentRecordDeserializer.getNextRecord (deserializationDelegate) ;

if (result.isBufferConsumed()) {

currentRecordDeserializer.getCurrentBuffer () .recycl

currentRecordDeserializer = null;

if (result.isFullRecord()) {
StreamElement recordOrMark =

deserializationDelegate.getInstance() ;

//ﬁﬂ%ﬁ%,—%watermark, MR EH Yiichannel fwatermark
B G EramE, RAFElFEE) |
if (recordOrMark.isWatermark()) {

// handle watermark

statusWatermarkValve.inputWatermark (recordOrMark.asWatermark(),
currentChannel) ;
continue;

} else if (recordOrMark.isStreamStatus()) {

//WRTHEEstatus, MIITHNLAIE, FJRAEER— 1 flag, #R
EEYUATstreandE FREVEIRATEMA (idle) , BB UMNEIEBATAREHATTERS
(active) o [E0F, StreamStatus®XTAI{TitiEwatermarkBl, BidAEstatus, £
IFflope rator A] AR T {EAIB &0 T ik 2 BT BRI AR S

// handle stream status

statusWatermarkValve.inputStreamStatus (recordOrMark.asStreamStatus(),
currentChannel) ;
continue;

} else if (recordOrMark.isLatencyMarker()) {

//LatencyMarker g FARMEERBPITIEE. FESourcelbflE,



QI BT AR B, RS inkBTRIAT LA AT T 2K A
// handle latency marker

synchronized (lock) {

streamOperator.processLatencyMarker (recordOrMark.asLatencyMarker ()) ;
}
continue;
} else {
//EXEHERRIEN, BARRREEE ST, NETEXER
RRT="%, BARTEKMERRERE
// now we can do the actual processing

StreamRecord<IN> record = recordOrMark.asRecord

synchronized (lock) {
numRecordsIn.inc () ;

streamOperator.setKeyContextElementl (record)

streamOperator.processElement (record) ;

}

return true;

//1 . FRFESHRIR T —buffer

[/ X—EAREERSF T f1inkFaultTorrentHlHIH, FEIKRSHE], XER
RIS K but fer, REMEL YIHNRFYILEE

final BufferOrEvent bufferOrEvent = barrierHandler.getNextN

onBlocked () ;
if (bufferOrEvent != null) {
1f (bufferOrEvent.isBuffer()) {
currentChannel = bufferOrEvent.getChannelIndex () ;
currentRecordDeserializer = recordDeserializers|[cur
rentChannel] ;

currentRecordDeserializer.setNextBuffer (bufferOrEvent.getBuffer());
}
else {
// Event received

final AbstractEvent event = bufferOrEvent.getEvent (

if (event.getClass () != EndOfPartitionEvent.class)

throw new IOException ("Unexpected event: " + eve
nt) ;



}
else {
isFinished = true;
if (!barrierHandler.isEmpty()) {
throw new IllegalStateException("Trailing data in c
heckpoint barrier handler.");

}

return false;

ZlteAiE , LA EBS#R—MinkiEREsfE | BHITRAARZET | flinkiEZRpTEaYiES T
. EIFE—T :

BeI— AR

A Y StreamGraph

EAAFNI%EES obManager

T RERTaskManager , FiR#EJobGraph&BXd MY Task
o EEEMask , ERHITEE

ETR , #AWkJLOperatorg & flink2U{aligiX L& FHY.

4. StreamOperatorgyig Sscil

4.1 HUEERBE——StreamSource Sa &Ry
StreamSourcelfig 7T — 1N EUEIR | FEIEE 7 —Lal{aR b B EIEAVRT.

public class StreamSource<OUT, SRC extends SourceFunction<OUT>>
extends AbstractUdfStreamOperator<OUT, SRC> implements StreamOp
erator<OUT> {

public void run (final Object lockingObject, final StreamStatusMaint
ainer streamStatusMaintainer) throws Exception ({



run (lockingObject, streamStatusMaintainer, output)

public void run (final Object lockingObject,
final StreamStatusMaintainer streamStatusMaintainer,
final Output<StreamRecord<OUT>> collector) throws Exception

final TimeCharacteristic timeCharacteristic = getOperatorConfig
() .getTimeCharacteristic() ;

LatencyMarksEmitter latencyEmitter = null;
if (getExecutionConfig () .isLatencyTrackingEnabled()) {
latencyEmitter = new LatencyMarksEmitter<> (

getProcessingTimeService (),
collector,
getExecutionConfig() .getLatencyTrackingInterval (),
getOperatorConfig () .getVertexID(),
getRuntimeContext () .getIndexOfThisSubtask()) ;

final long watermarkInterval = getRuntimeContext () .getExecution
Config() .getAutoWatermarkInterval () ;

this.ctx = StreamSourceContexts.getSourceContext (
timeCharacteristic,
getProcessingTimeService (),
lockingObject,
streamStatusMaintainer,
collector,
watermarkInterval,
-1);

try {

userFunction.run (ctx) ;

// if we get here, then the user function either exited
after being done (finite source)

// or the function was canceled or stopped. For the finite
source case, we should emit

// a final watermark that indicates that we reached the end
of event-time

if (!isCanceledOrStopped()) {

ctx.emitWatermark (Watermark.MAX WATERMARK) ;



} finally {
// make sure that the context is closed in any case
ctx.close();
if (latencyEmitter != null) {
latencyEmitter.close () ;

private static class LatencyMarksEmitter<OUT> {
private final ScheduledFuture<?> latencyMarkTimer;

public LatencyMarksEmitter (
final ProcessingTimeService processingTimeService,
final Output<StreamRecord<OUT>> output,
long latencyTrackingInterval,
final int vertexID,
final int subtaskIndex) {

latencyMarkTimer =
processingTimeService.scheduleAtFixedRate (
new ProcessingTimeCallback () {
@Override
public void onProcessingTime (long timestamp) throws
Exception {
try {
// ProcessingTimeService callbacks are
executed under the checkpointing lock
output.emitlLatencyMarker (new LatencyMarker (t
imestamp, vertexID, subtaskIndex)) ;
} catch (Throwable t) {
// we catch the Throwables here so that we
don't trigger the processing
// timer services async exception handler
LOG.warn ("Error while emitting latency

marker.", t);

b o
0L,
latencyTrackingInterval) ;



public void close() {
latencyMarkTimer.cancel (true) ;

fEStreamSourcedp E TN /G | #F NRHEE LT3 L8SourceFunctionZE#i17:

userFunction.run (ctx) ;

SourceFunction@XfFunctionfd—"MlS |, BiiF&EMapFunction , KeyByFunction—#£ ,
FISEESCIIX LopREs |, AT flinkiEZERiBER FXLREHTITE | STRAFIZIE,

Bl IH9wordcountf2FR(ERE 7 flinki2HA9— socketTextStreamFunction , FAIJAILAE—
TERIEILZLE , XsourceffIEITE— P EARRIAR :

public void run (SourceContext<String> ctx) throws Exception {
final StringBuilder buffer = new StringBuilder();
long attempt = 0;

while (isRunning) {

try (Socket socket = new Socket()) {
currentSocket = socket;
LOG.info ("Connecting to server socket " + hostname + ':
' + port);
socket.connect (new InetSocketAddress (hostname, port), C

ONNECTION_TIMEOUT_TIME);
BufferedReader reader = new BufferedReader (new

InputStreamReader (socket.getInputStream())) ;

char[] cbuf = new char[8192];

int bytesRead;

/ 1R ERE—HiRinputsocket, RER R collect ik

while (isRunning && (bytesRead = reader.read (cbuf)) !=

-1) |

buffer.append(cbuf, 0, bytesRead);

int delimPos;

while (buffer.length() >= delimiter.length() &&
(delimPos = buffer.indexOf (delimiter)) != -1) {

String record = buffer.substring (0, delimPos) ;

// truncate trailing carriage return



if (delimiter.equals("\n") &&

record.endsWith ("\r")) {
record = record.substring (0, record.length()

- 1);

}

/ /VERIERR, HEBUER B collect AL, collectAIERR
IEBIRREAENE (A b E, HERTL T operator, RBFBIMK AL E)

ctx.collect (record) ;

buffer.delete (0, delimPos +
delimiter.length());

}

// if we dropped out of this loop due to an EOF, sleep and
retry
if (isRunning) {
attempt++;
if (maxNumRetries == -1 || attempt < maxNumRetries) {
LOG.warn ("Lost connection to server socket. Retryin
g in " + delayBetweenRetries + " msecs...");
Thread.sleep (delayBetweenRetries) ;
}
else {
// this should probably be here, but some examples
expect simple exists of the stream source
// throw new EOFException ("Reached end of stream an
d reconnects are not enabled.");

break;

// collect trailing data
if (buffer.length() > 0) {
ctx.collect (buffer.toString()) ;

BERABE , RBcollectTiEFBEERE , FEBKIIEHEMInkAISIEIRI LGSR | LI
SerNECollect TERINELER | R ARIXEEITERIR, EF(JA9wordcountd |, iXPMNEF
RUERIE R RS chainfE—iEiYflatmapEF , FCEXNHIRERFRNE | JLAREISE—EXE

— T



4.2 NEHEHNZBIEIELEE——OnelnputStreamOperator &
AbstractUdfStreamOperator

StreamSourceRFRABEENRNET | MAERMASUEHHITHIENEFHE
OnelnputStreamOperator, TwolnputStreamOperatorZ,

A StreamOperatorfIFE X RN FEFR ( BRX , BIEFRAE ) .
OnelnputStreamOperatonX MEORIZIERES

public interface OnelInputStreamOperator<IN, OUT> extends
StreamOperator<OUT> {

/**

* Processes one element that arrived at this operator.

* This method is guaranteed to not be called concurrently with ot
her methods of the operator.

*/

void processElement (StreamRecord<IN> element) throws Exception;

/**

* Processes a {@link Watermark}.

* This method is guaranteed to not be called concurrently with ot
her methods of the operator.

*

* @see org.apache.flink.streaming.api.watermark.Watermark
*/

void processWatermark (Watermark mark) throws Exception;
void processLatencyMarker (LatencyMarker latencyMarker) throws Excep

tion;

}

MSCEl 71X MEORYStreamFlatMapEFBREIR |, iRHTARNRAY

public class StreamFlatMap<IN, OUT>
extends AbstractUdfStreamOperator<OUT, FlatMapFunction<IN, OUT>



implements OnelInputStreamOperator<IN, OUT> {
private static final long serialVersionUID = 1L;
private transient TimestampedCollector<QOUT> collector;

public StreamFlatMap (FlatMapFunction<IN, OUT> flatMapper) {
super (flatMapper) ;
chainingStrategy = ChainingStrategy.ALWAYS;

@Override
public void open () throws Exception ({
super.open () ;

collector = new TimestampedCollector<> (output) ;

@Override
public void processElement (StreamRecord<IN> element) throws Excepti
on {
collector.setTimestamp (element) ;
userFunction.flatMap (element.getValue (), collector);

MEEEERILIER | flink AT 132 7 — MR FHIESE Abstractudfstreamoperator , 12H
TLERTHRE | EinfEcontextlEEF |, (RFRIBESE | HPRAAK T HHINIZEXHE

™

@Override
public void open () throws Exception {
super.open () ;

FunctionUtils.openFunction (userFunction, new Configuration());

@Override

public void close() throws Exception {
super.close () ;
functionsClosed = true;

FunctionUtils.closeFunction (userFunction) ;



XN FEINKIREAY Rich***Function RFIEFHopenflclose 7 A TAIMET .

4.3 StreamSink

StreamSinkEILRH AT R , BEREEHR , BE—IRNRER I EE

@Override

public void processElement (StreamRecord<IN> element) throws Excepti

on {
sinkContext.element = element;
userFunction.invoke (element.getValue (), sinkContext) ;
t
@Override

protected void reportOrForwardLatencyMarker (LatencyMarker maker) {
// all operators are tracking latencies

this.latencyGauge.reportLatency (maker, true);

// sinks don't forward latency markers

Hrh |, processElement x%éliﬁEStreamOperatorE’\JTi
;io reportOrForwardLatencyMarker ;%ﬁﬁ;l%i—l—%ﬂi&ﬁ’ﬂ , ﬁﬁﬁ}%ﬁﬂStreamSource@Fi
LateMarker , FIFIERUUE A , EIERESATIHE.

4.4 HftnFF

5. IHATIERSIFn——Fault TolerantS{RiEExactly-
OnceiE X

5.1 Fault Toleranti&EH 2 3

XFTF7 x 24NN ERHE I TR , EfFiEfault tolerant2RMHR , XNMREELAT
%, MBREANTREEETECEER , EFE—AHILUT. SFRES | NRE(RIEREIEE
FGIREAMETAIEEE | MEIREIRRT K ; MXHMEIRE/LNIA : tbil—2RE2S A/



R ? _RESTTRSIENZEALE | BARESSHNT ?
NF—NRES  BIBUTHE

EIFaEHZE exactly-once

WSEETISIN 2w as

HITEHSHYT

HERENSESEBEZA , NEARBIIRIAS
MEBRIKE RIFF R T

6. BIERUMIEHIRES ( BERES )

5.1.1 StormAdRecord acknowledgementi&z!;

stormfdfault tolerant2iXHET/ER | &— MiistormiioperatorftIBEUREESAE F—
operatorkiX—mHNERE , BAEEHE NFEE. stormiYijRoperatorffRfF 7 ATEERIZEN
HENE— N THFEFINEER , SEREERBsinkiINER , EMAIEIZBEEEHTE
Q018 , BILIRBRRY .

MRKBWEINE |, stormHlsERIZERE. BMZN , XE—Fat least oncefiZiE. 5
s, EfAXEIGETEENES SR , fIaxd— N count&F , R countl FiiFETFH

& sourceERIZHEE , BIAMLZEEH countmiBIBIEEEREFRECETI. 85,
XS IAERMEN , FHER(R.

i A W N R

5.1.2 Spark streamingfdmicro batcht2z

BIERE , stormUSLMAXFEE T EREHELSE. B4, ATREEHE , B—H#dE

BREF—RIEHERENRIER, Spark Streaming YL EETIXHRIEES

HATT L E R 2MESIT B SmENo T EREERTF |, BEESIEit EE8RI A/ k=

FRERSEMEHEIZ , NRBETIER , MA/N—rRMbatch , IRBEAEFILE |, HAE
EORESIER ( BEARNSHEREIRAIEMESHTE ) | i NER.



while (true) {
// get next X seconds of data
// compute next stream and state

= |

—

input ! H i
stream i | : i
: : N
] ] ]

i ¢ e

-\ Unit of fault tolerance is
Job Job Job micro-batch
‘\‘ ? ‘\‘ "4 ‘l‘
\‘ F, \‘ ‘.' \‘
YRR ER
state

v v
logical result
I I I stream

LUXHRIAT | BaTLAEE NbatchedhfBlexactly-once , (BEXfAREEEEIR

Bt , batchBE R HE—LFEEEbatchRURELEIEERE | Hllsession window ; FIF
REARE I ELESTIUWEXBEE,

EUR |, batchiBz{UREMTFEE. J— P batchEAFMMERLIEET |, BBAT— batchEA4
TEATNEZHIFRENR | EAREARHERESNbatch , BMIESOIRESBIES | X2—
MNEEEESRYAR,

RS , batchf X EAEFREEIEREE RS TR , TR EASF,

5.1.3 Google Cloud DataflowfyE5z{(1=5

BRAVEEHREGERE , mysqlhEAEbinlogkeiESS | IXFERBER BT LA FBFESCIR
exactly-oncet&8iF, N , FfIaTLllog MM EUETTES R IE RIS RN ST ATak
HORERFROIRTS, IXHE , F(IFESEfault tolerantft , BAIIRFEEIEZ— FNlog#iTILAT . iXF
=UHEE 7 stormFIsparkFrEIGEYARE , FFEBEHHRIFAISCHexactly-once , ME—RY#RIR
& 1 AR A BERYIR M ogBIRKA ? Flinkés TERNEBZ,

5.1.4 FlinkB9% fa =t IREEH L
SCHlexactly-oncefUKERTA ? REES/ERIIAEFIIREICR T REFIRoperatorfIRZ.
LHEIEEGERNTTER ( UREAEARAREFZEWEENTTE ) . R EEXEATLUSE , 384



fault tolerantTAFFERMNFANEEFIZI DRICRIXETTER | ABRRKERIERS. B4
Flink 230{asCEAIE ?

Flinkf9o AU REEIZ O REEERFE o IVREBIE ., AT EILX—HNE , flink5IN7T
—MEES , MUfBarrier, Barrier—F#Ric , BfisourceF*EFHBEBARIREURES , HAIX
ATFETR. YTNETRLERZbarriertmERt |, XFEKREEIZbarrierfE \EREUERT |,

EEANRANEIEEIHEIT R LWL IEEEE,
data stream

e EWer records older records =—
checkpoint checkpoint stream record
barrier n barrier n-1 {event)
part of part of part of
checkpoint n+1 checkpoint n checkpoint n-1

WERR , 85— barrierRd— M EFTREY , FURB T EZETFL , TlA—RIeE
=, FALUMREFSHREPRNSHERCIRTRIEEE | XME—DHRER. (EXEFLEE—T
micro-batch , iEbarriel @SS EIE NbatchiViBig , £FEFE—= ) XHNAR T | iIcH
REEFEFNRIERZIAmicro-batch— R 5.

SItERT |, ZEFeETiERIX Zbarrier, RAFREEFZERIZINFLER , FrAH T
TRlEIZbarrierfly , tBEIEKREREN—IHEIRE TEFH = CHIESEEE , FJLUHIT—IR
checkpoint , (REFEFIZHRI—DHRIR | REBTAE , 2B 1JobManangerB 258hk 11X
MRER, XFEDHIVREBRIERS X,

BEXKE :

o
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3
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Y — — —
checkpoint B E EE W EEE
barrier n
\ e ® a\" o @ o ®
. . % i
L %
‘/ b/ y ‘/

begin aligning aligning checkpoint continue
B, BNEFHLEFT R NE T REAL— , MIZEALE ? IREARLE—TiFED
=, MEE N T &iEbarrier, EE , IREALE—PLEFTR  BBAMESRIFE LFT A
HRE—#xfbarrierEiA 2 G . AReft A checkpoint, RABNTRIZEEEARR , FiB
RY_Eilr o A BEBEER T barrierEHARIEUE T | B LIFL RIRiRRIEA X Ibarrier ,

—
32[|(




XAHR , SRIEFMERET— NMERIZIRAVENE | FHERIB LT RAkiXbarrierZ/s , 78
SEIET—HEEUE.

M NEFIRE— N E FsinkEBIE] 71X \barrier , thtEkE X MNbarrierfl_ENbarrier
AR TREESEEN R, XA, RE—MNEFEM)obManagerZ/NED
£255hK , MJobManagerff5 & B , ERFIEEFRIFRARIREBAS , LISTHEHE. XE
NEBS |, FEFlinkRI TR ERREZZRIcheckpointidis , A TE BRI

Exactly-once two-phase commit

Pre-commit
(checkpoint starts)

Inject checkpoint
barrier (1)



Exactly-once two-phase commit

Pre-commit without
external state

Snapshot offsets (2)

Inject checkpoint
barrier (1)

Pass checkpoint barrier (2)

Exactly-once two-phase commit

Pre-commit with external
state in data sink

Snapshot
state (4)

Snapshot offsets (2)

Pre-commit external

Inject checkpoint transaction (4)

barrier (1)

Pass checkpoint barrier (2)  Pass checkpoint barrier (3)



Exactly-once two-phase commit

Notify checkpoint
completed (1)
Commit external

transaction (2)

Rz, BExfMAI, flinksSE T B IBIEREIRY7 IR IEEZRAVEEK © exactly-once,
RER. 55, ZEEEL. HENIRSENIH.

Bia  W— 1 =RMasflink SstormBItEREITEY, - flink SstormpgMgEXTLL,

5.2 checkpointB4an/EEH

BT , &S TRIEREEinkicheckpointZEREWMEISCIE £ 45 FRARY

BT flinki2HtA9SocketSourceH A3zt checkpoint , FRLUXEEE
LA FlinkKafkaConsumer010 {E/gsourceFunction,

5.2.1 fi4& checkpoint

BRR—Xcheckpoint , —H AR kicheckpointiEk, BRA , X MNEREMELH
B, BAKRHR , XEiEEHER ?

IRCBINRENEIRE checkpointiiE , TFEIEECheckpoint/alfRiE ? BEAR— MEEIAMR
bR RITNEE | BRNiZA=ARUTSchedulerfIZRFEFE | flinkE , XM AGfRA checkpointhy

%/—?E CheckpointCoordinator ,


https://tech.meituan.com/Flink_Benchmark.html

fIinkZ:ETE&jobH{f , %}EE}JiZﬁ\éEi’\J startCheckpointScheduler Tj_ff , QD—FFEZTT

public void startCheckpointScheduler () {
synchronized (lock) {
if (shutdown) {
throw new IllegalArgumentException ("Checkpoint

coordinator is shut down") ;

}

// make sure all prior timers are cancelled

stopCheckpointScheduler () ;

periodicScheduling = true;
currentPeriodicTrigger = timer.scheduleAtFixedRate (
new ScheduledTrigger(),
baseInterval, baselInterval, TimeUnit.MILLISECONDS) ;

private final class ScheduledTrigger implements Runnable {

@Override
public void run () {
try {
triggerCheckpoint (System.currentTimeMillis (), true);

}
catch (Exception e) {

LOG.error ("Exception while triggering checkpoint.", e);

BElcfE  MELAREFIBRERIARA triggercheckPoint () J3ik. XNTIAANK , AR
— M T4

o IMEfFEHAcheckpointhIFM , FIENANREELE T EIERMRIcheckpoint , BRIAZIfitA
checkpointtIE/NEIfRES , FiBEiZreturn

o IBEEBRMBHEECheckpointfiIEZENIMcheckpointBYACK ( ackiZ K ElcheckpointfyFg
frEgiRss , RESH ) Btask&EE-FrunningiRz , Blreturn

® ﬂﬂ;ﬁ%ﬁ?@éﬁ, ﬁB iﬂﬂj‘checprLntID = checkpointIdCounter.getAndIncrement () ; EL
R — NI |, RRER— PendingCheckpoint , PendingCheckpoint@—Ngal s



Bcheckpoint , 1E|EL/xﬁ%EZEﬁLA Z 3B K taskEFIA T AR checkpoint , HRAXA
checkpointXISIGEEL

o ENX—iERTcallback , WN5RcheckpointiliT T IRAIRIZRSEH , ML EEGH

o fili’kMasterHooks , FEFATLAE N —LeEoMUIRME | FALAtESECcheckpointiYIhEE ( WES
FBEEINEIR )

o ETRENELE :

// send the messages to the tasks that trigger their checkpoint
for (Execution execution: executions) {
execution.triggerCheckpoint (checkpointID, timestamp, checkpoint
Options) ;
}

XEEREA T ExecutionfytriggerCheckpoint/gix , —executionfiE—
executionVertexfJSLFriITE . FNE—TFXNGE !

public void triggerCheckpoint (long checkpointId, long timestamp,
CheckpointOptions checkpointOptions) {

final LogicalSlot slot = assignedResource;

if (slot != null) {
//TaskManagerGateway2 ¥R taskManagerit{TIB{SRE Y
final TaskManagerGateway taskManagerGateway = slot.getTaskM

anagerGateway () ;

taskManagerGateway.triggerCheckpoint (attemptId, getVertex()
.getJobId(), checkpointId, timestamp, checkpointOptions)
} else {
LOG.debug ("The execution has no slot assigned. This indicat
es that the execution is " +

"no longer running.");

BETIRMIENT rask KAPElE , H(ISET—INTHRHITHEE. NMNDEEH
N CheckpointCoordinator %Eﬂ[}@%ﬂii—}ﬂcheckpoint ' MH%?—EEJL‘J\E'EH%HIJJ@E .
MERIDERS.

5.2.2 TaskEEcheckpointdEF TIE



Foii TaskSRPRIERSD |, X8R T — CheckpointMetabata HIRISR , HFEEM T —
RunableE&Z BT HiTcheckpoint , AFLAREAIS A TiZRunable :

public void triggerCheckpointBarrier (
final long checkpointID,
long checkpointTimestamp,
final CheckpointOptions checkpointOptions) {

final AbstractInvokable invokable = this.invokable;

final CheckpointMetaData checkpointMetaData = new CheckpointMet

aData (checkpointID, checkpointTimestamp) ;

if (executionState == ExecutionState.RUNNING && invokable
11) |

// build a local closure
final String taskName = taskNameWithSubtask;

final SafetyNetCloseableRegistry safetyNetCloseableRegistry

FileSystemSafetyNet.getSafetyNetCloseableRegistryForThread () ;

Runnable runnable = new Runnable () {
@Override
public void run () {

// set safety net from the task's context for check

pointing thread

LOG.debug ("Creating FileSystem stream leak safety n

et for {}", Thread.currentThread() .getName ()) ;

FileSystemSafetyNet.setSafetyNetCloseableRegistryForThread (safetyNetClo

seableRegistry) ;

try {

boolean success = invokable.triggerCheckpoint (c

heckpointMetaData, checkpointOptions) ;
if (!success) {
checkpointResponder.declineCheckpoint (
getJobID (), getExecutionId(),
ointID,
new
CheckpointDeclineTaskNotReadyException (taskName)) ;
}



}i
executeAsyncCallRunnable (runnable, String.format ("Checkpoin

t Trigger for %s (%s).", taskNameWithSubtask, executionId));
}

FEIBEMinvokableZsL FRIERAIAYStreamTask s, Task3&3Lfr E21&checkpoint®
FeLA T EEMRAIREIT |, MStreamTasktBERIBLEE RN | HEENSL,
StreamTask 2 XESCINAY :

o WNSRtaskiffEiz1T , BRI Tcheckpoint, FiEESE NRIEHON HE—1
Barrier , ZARfi& AtaskiIStatelRiZ,

o NRtaskERT , BBEAIFMEBEAN FiFBUEA R checkpoint , FiARRIZE—
CanceICheckpotharker XESRLFBarrierfIB—FER.

o IE , NXEFS , BMMATHERE E eI Barrier , RILAORIEHFault Tolerant/RIE
E’\Jiﬂzﬁ HEeE—T,

private boolean performCheckpoint (
CheckpointMetaData checkpointMetaData,
CheckpointOptions checkpointOptions,
CheckpointMetrics checkpointMetrics) throws Exception {

synchronized (lock) {
if (isRunning) {

// we can do a checkpoint

// Since both state checkpointing and downstream barrie
r emission occurs in this

// lock scope, they are an atomic operation regardless
of the order in which they occur.
// Given this, we immediately emit the checkpoint barri
ers, so the downstream operators
// can start their checkpoint work as soon as possible
operatorChain.broadcastCheckpointBarrier (
checkpointMetaData.getCheckpointId(),
checkpointMetaData.getTimestamp (),
checkpointOptions) ;

checkpointState (checkpointMetaData, checkpointOptions,



checkpointMetrics) ;
return true;

else {

;:GEJZ broadcastCheckpointBarrier ﬁ,ﬁfé , E checkpointState () Tj_}ﬁq:' , StreamTaskiZj

WMTRZBIRITIAE

public void executeCheckpointing() throws Exception {

try {
//XE, BIAMStreamoperatoridf{TsnapshotstatefIANAFTE
for (StreamOperator<?> op : allOperators) {

checkpointStreamOperator (op) ;

// we are transferring ownership over
snapshotInProgressList for cleanup to the thread, active on submit
AsyncCheckpointRunnable asyncCheckpointRunnable = new A
syncCheckpointRunnable (
owner,
operatorSnapshotsInProgress,
checkpointMetaData,
checkpointMetrics,
startAsyncPartNano) ;

owner.cancelables.registerCloseable (asyncCheckpointRunnable) ;
//XBFMT —Runnable, fEPITIEcheckpointZ JGlf]JobManager
A completedCheckPointiBE, XtEfault tolerantFMEIRAZHK—ERS

owner.asyncOperationsThreadPool.submit (asyncCheckpointRunnable) ;



iZ]checkpoint , A IEISREREMAIRS SESKI N —EHERSIERERIVRSEE , b
a0sumBIFOLAR countBIEEE. XENBHEStreamOperatorgfn B Ef A RTINS,
JUAEER , BRTEIIEMNANXLRIERFAVIRSERESN |, flinkBScheckpointffl 7 KEAIE LT
E.

BTR , B B ek FrFaIcheckpointiflil,

5.2.3 BERFRUINSRFEK barrierf&i

SEIER , RAIIELKL THE 7 StreamOperatorfJEX & , X8 |, HiIMEREE —

BY checkpointStreamOperator (op) J7i5{E it

IiME , BIEERRT , B TcheckpointZ i , operatorfJia{bET , &HIT—

N initializestate J5i% , TEIZAEH , (R task@EMEMHPRERNE | HiRFHstateths
#restorei 3k,

f&iEbarrier@mif{TAoperatorfistatesnapshotZ BizemiY , FAIREEFHBIE | HLM
BB —FREUERERMA , MBER— checkpointBarrier XI5 , AFAIE P streamOutput
B#HE

public void broadcastCheckpointBarrier (long id, long timestamp,
CheckpointOptions checkpointOptions) throws IOException {
try {
CheckpointBarrier barrier = new CheckpointBarrier (id, times
tamp, checkpointOptions) ;
for (RecordWriterOutput<?> streamOutput : streamOutputs) {
streamOutput.broadcastEvent (barrier) ;

}
catch (InterruptedException e) {
throw new IOException("Interrupted while broadcasting check
point barrier");
}
}

TiifiloperatoriziiiZ| Abarrier , it AEBSHcheckpoint,



StreamTaskfEHf75ebroadcastCheckpointBarrierZ f5 ,
HA1Za1A9wordcountt2REE B’ operator chain , 93

A2 :

e kafka source -> flatmap
e keyed aggregation -> sink

A IHIRX MFHFF— T checkpointhJid iz,
1.kafka sourcefycheckpointigtz

public final void snapshotState (FunctionSnapshotContext context) th
rows Exception {
if (!running) {
LOG.debug ("snapshotState () called on closed source");
} else {
unionOffsetStates.clear () ;

final AbstractFetcher<?, ?> fetcher = this.kafkaFetcher;
if (fetcher == null) {
// the fetcher has not yet been initialized, which mean
s we need to return the
// originally restored offsets or the assigned partitio

ns
for (Map.Entry<KafkaTopicPartition, Long>
subscribedPartition : subscribedPartitionsToStartOffsets.entrySet()) {
unionOffsetStates.add (Tuple2.of (subscribedPartition
.getKey (), subscribedPartition.getValue()));

}

if (offsetCommitMode == OffsetCommitMode.ON CHECKPOINTS

// the map cannot be asynchronously updated, becaus
e only one checkpoint call can happen

// on this function at a time: either
snapshotState () or notifyCheckpointComplete ()

pendingOffsetsToCommit.put (context.getCheckpointId (
), restoredState);

}
} else {
HashMap<KafkaTopicPartition, Long> currentOffsets = fet

cher.snapshotCurrentState () ;

if (offsetCommitMode == OffsetCommitMode.ON CHECKPOINTS



// the map cannot be asynchronously updated, becaus

e only one checkpoint call can happen
// on this function at a time: either
snapshotState () or notifyCheckpointComplete ()
pendingOffsetsToCommit.put (context.getCheckpointId (
), currentOffsets);

}

for (Map.Entry<KafkaTopicPartition, Long>
kafkaTopicPartitionLongEntry : currentOffsets.entrySet()) {
unionOffsetStates.add(
Tuple2.of (kafkaTopicPartitionLongEntry.getKe
y (), kafkaTopicPartitionLongEntry.getValue()));
}

if (offsetCommitMode == OffsetCommitMode.ON CHECKPOINTS) {
// truncate the map of pending offsets to commit, to pr
event infinite growth
while (pendingOffsetsToCommit.size () >
MAX NUM PENDING CHECKPOINTS) ({
pendingOffsetsToCommit.remove (0) ;

=

kafkafsnapshotiB4Egk SRnHZERoffsets , ZAIS1HAL
tuple ( partitiion , offset ) BH—" stateBackend BB, StateBackendZEflinkifig HkA—

PMRTHREFREREO,

2. FlatMap&E-FH#icheckpointidiz

3. A& operator chainff{statefR{FZiE
éEH/L‘,\El’\Jlﬁf%“-Jz\ﬁ%I, 27T, F1MEFHsnapshot G2 RIEE 2RRSRFEI T StateBackend
' /xﬁ%)\ﬁ'ﬁ—:iﬂﬁ%«ﬁ XEBDIREBINE T Abstractstreamoperator 1, Hflink&t—
SEAf. H E‘?EEi}?ﬁSﬁ{ [TEEEBLR , AN RICXEEHIRA— N NRS R
ﬁ“lZ%bJEI’Jiﬂ_’,Ti ETREIREERAEXE

/ /¥R AbstractStreamOperator. javafflsnapshotState ik



if (null != operatorStateBackend) {
snapshotInProgress.setOperatorStateManagedFuture (
operatorStateBackend.snapshot (checkpointId,
timestamp, factory, checkpointOptions)) ;
}

ABAiX operatorStateBackend 2 EARTEIRSAIIE ?

o BB INEFHstatef T —DiFEN ;

o ABLUFSHAHITT — 1 ARERZEAIrunnable , ZPERZEAIrun5ASCEL 7 — MERR S

% Bt Fstream |, ARBEANEUE | SAEHXAstream,
HABREBEXNBENEESE -

public SnapshotResult<OperatorStateHandle>

performOperation () throws Exception ({

long asyncStartTime = System.currentTimeMillis () ;

CheckpointStreamFactory.CheckpointStateOutputStream

localOut = this.out;

// get the registered operator state infos

List<RegisteredOperatorBackendStateMetalnfo.Snapsho

t<?>> operatorMetaInfoSnapshots =
new ArrayList<>

(registeredOperatorStatesDeepCopies.size()) ;

for (Map.Entry<String, PartitionablelListState<?>> e

ntry : registeredOperatorStatesDeepCopies.entrySet()) {

operatorMetaInfoSnapshots.add (entry.getValue() .

getStateMetalInfo () .snapshot())
}

// ... write them all in the checkpoint stream

DataOutputView dov = new

DataOutputViewStreamWrapper (localOut) ;

OperatorBackendSerializationProxy
backendSerializationProxy =
new
OperatorBackendSerializationProxy (operatorMetaInfoSnapshots,

broadcastMetaInfoSnapshots) ;



backendSerializationProxy.write (dov) ;

XEREH TS, i TEERIRBEE  HHAZRT.

4 [54%operatorChainficheckpointidiz

AIERE , EflinkAiRs | barrienfidit&fif&checkpoint, £ EEELILH , EFH~RE
& T Barrier , BrLATERAIIHOkeyed aggregation -> sink iX/Noperatorchaineh , F( & E‘
SR Nbarrier,

fEkbarrierfUEFEESIREC R IinputEUBRITIE | XTI
E StreamInputProcessor.processInput () Tj_ii ' iZT:Tiia’E%ﬂJT:E%IEIEE 1# ' JZ ?‘Z,ﬂ\]
BEREF—T :

/ /BN TR A A X —EBOZEE, MR T — M IEEbutfer, NMSMEKwhil
R EF NLIE A FEIERZEE | XN ATEREBRIRKAIE T harrierflZ18E

final BufferOrEvent bufferOrEvent = barrierHandler.getNextN

onBlocked () ;
if (bufferOrEvent != null) {
if (bufferOrEvent.isBuffer()) {
currentChannel = bufferOrEvent.getChannellIndex () ;
currentRecordDeserializer = recordDeserializers/[cur
rentChannel];

currentRecordDeserializer.setNextBuffer (bufferOrEvent.getBuffer ())

}

else {
// Event received
final AbstractEvent event = bufferOrEvent.getEvent (

if (event.getClass () != EndOfPartitionEvent.class)

throw new IOException ("Unexpected event: " + eve



ShiEbarrierfIIFREIXERBEIRB M , MBS T getNextNonBlocked () /3i59H |
BAIE NIXN G ERNZ EAE

//BarrierBuffer.getNextNonBlockedf ik
else 1if (bufferOrEvent.getEvent ().getClass () == CheckpointB
arrier.class) {
if (!endOfStream) {
// process barriers only if there is a chance of th
e checkpoint completing
processBarrier ( (CheckpointBarrier) bufferOrEvent.ge
tEvent (), bufferOrEvent.getChannelIndex()) ;
}
}
else 1if (bufferOrEvent.getEvent ().getClass () == CancelCheck
pointMarker.class) {
processCancellationBarrier ( (CancelCheckpointMarker) buf
ferOrEvent.getEvent ()) ;
}

SeE—IE |, KFIRICEZEINIERS IREE CheckpointMarkerl® | XEETFIFHRT 7,

b EBbarriertB 2MNFRIREE |, ARERE— 5. 1PIREIRFERENFIEE , — M opertorbEIM
B inputchannel KT kHE—FSHbarrierz g4 g AR T mAIcheckpoint , WIREH
channelFYEHEAMIRERIIR Y | Alizbarrier/GHEIEAREE TR , AR BRYInputchannel#
KAT , BBEHASE REbarrieriIK T :

private void processBarrier (CheckpointBarrier receivedBarrier, int cha
nnelIndex) throws Exception {

final long barrierId = receivedBarrier.getId() ;

// fast path for single channel cases
if (totalNumberOfInputChannels == 1) {
if (barrierId > currentCheckpointId) {
// new checkpoint
currentCheckpointId = barrierId;
notifyCheckpoint (receivedBarrier) ;
}

return;

// -- general code path for multiple input channels --



if (numBarriersReceived > 0) {
// this is only true if some alignment is already progress

and was not canceled

if (barrierId == currentCheckpointId) {
// regular case
onBarrier (channelIndex) ;
}
else if (barrierId > currentCheckpointId) {
// we did not complete the current checkpoint, another
started before
LOG.warn ("Received checkpoint barrier for checkpoint ({}
before completing current checkpoint {}. " +
"Skipping current checkpoint.", barrierId,

currentCheckpointId) ;

// let the task know we are not completing this
notifyAbort (currentCheckpointId, new

CheckpointDeclineSubsumedException (barrierId)) ;

// abort the current checkpoint
releaseBlocksAndResetBarriers () ;

// begin a the new checkpoint
beginNewAlignment (barrierId, channelIndex) ;
}
else {
// ignore trailing barrier from an earlier checkpoint (
obsolete now)
return;

}
else if (barrierId > currentCheckpointId) {

// first barrier of a new checkpoint
beginNewAlignment (barrierId, channelIndex) ;
}
else {
// either the current checkpoint was canceled (numBarriers

Il
Il
O

or
// this barrier is from an old subsumed checkpoint

return;

// check if we have all barriers - since canceled checkpoints



always have zero barriers
// this can only happen on a non canceled checkpoint
if (numBarriersReceived + numClosedChannels ==
totalNumberOfInputChannels) {
// actually trigger checkpoint
if (LOG.isDebugEnabled()) {
LOG.debug ("Received all barriers, triggering checkpoint
{y at {}",
receivedBarrier.getId(),
receivedBarrier.getTimestamp ()) ;

}

releaseBlocksAndResetBarriers () ;
notifyCheckpoint (receivedBarrier) ;

Rz, AlEIegiibarrierzfg , ISHEA notifyCheckpoint () , ZAX VAR
StreamTaskAY triggercheckpoint , FlZFIAYoperatorE—ERY,

NERIEBEEAJoperatorfYiE , BZTTEERAMER , AHEA,

5.iR& 5 checkpointsE{4

Z—operatorfRfF5Echeckpoint#iEfs , MiaFal— 1M 7Ex

5 AsyncCheckpointRunnable , FALMREZICER T  HEANZEE
reportCompletedSnapshotStatesd, XANFEEESNREFITA

N RpcCheckpointResponder \g4\§ :

checkpointResponder.acknowledgeCheckpoint (
jobId,
executionAttemptID,
checkpointId,
checkpointMetrics,
acknowledgedState) ;

MIXNEREATLAFE R | BhZERE I rpcAYA infEE)obManagerfUtBX 5 iETeRiR S
=4, KEth2EidakkasTHAY.
BB, MR T iX N rpcERE ? 21zE5H)obMaster,



//JobMaster.java

public void acknowledgeCheckpoint (
final JobID jobID,
final ExecutionAttemptID executionAttemptID,
final long checkpointId,
final CheckpointMetrics checkpointMetrics,
final TaskStateSnapshot checkpointState) {

final CheckpointCoordinator checkpointCoordinator = executionGr
aph.getCheckpointCoordinator() ;
final AcknowledgeCheckpoint ackMessage = new
AcknowledgeCheckpoint (
JjobID,
executionAttemptID,
checkpointId,
checkpointMetrics,
checkpointState) ;

if (checkpointCoordinator != null) {
getRpcService () .execute (() —-> {
try |
checkpointCoordinator.receiveAcknowledgeMessage (ack
Message) ;
} catch (Throwable t) {
log.warn ("Error while processing checkpoint
acknowledgement message") ;
}
1) ;
} else {
log.error ("Received AcknowledgeCheckpoint message for job
{} with no CheckpointCoordinator",
JjobGraph.getJobID()) ;

JobMasterz FFtR—EBEERMIBES X rpcts

N CheckpointCoordinator.receiveAcknowledgeMessage () Tj_ffo

ZHEi4EE] , coordinatorfEfit’&checkpointhy , 45% ¥ —* PendingCheckpoint , {R1F FFT
Boperatorflid,

1 PendingCheckpointiffZ|—/  operatorfii52akcheckpointfiEERT , EHtitiXNoperator



MEKFeRkcheckpoint I T mESHMNZEIBTAIIES. HFTERYoperatorgfiR S5k 1
checkpointiy , CheckpointCoordinator&fi A completePendingCheckpoint () J3i% , 125

AT LTSS

e pendinCgCheckpointt&it/gCompletedCheckpoint
o #BCompletedCheckpointiI \E=HIMGERES | HN KRG ERESHRZIGER
o BERZ M operatorkitirpc , BANZIGERE5THK

AXE |, KR Mo E BRI Noperator chain , B IREEHZIE:

public void notifyCheckpointComplete (long checkpointId) throws
Exception {
synchronized (lock) {
if (isRunning) {
LOG.debug ("Notification of complete checkpoint for task
{1", getName());

for (StreamOperator<?> operator :
operatorChain.getAllOperators ()) {
if (operator != null) {

operator.notifyCheckpointComplete (checkpointId)

}
}
else {
LOG.debug ("Ignoring notification of complete checkpoint
for not-running task {}", getName());
}
}

BE PR EEEENXNAEFHHmAET .,

ZItt , flinkfIFEN ERIR3ZAcheckpointiBi8 £ EP5T k.
5.3 i&&EcheckpointEEAJIHSR : State & StateBackend

State2RIREHEAVE{K , StateBackend 2IRERUNAI A RFAIMSR.



State73/9 KeyedStateflOperatorState , NEFHBILABHK S BN EkeyedStreamFIE
fttiJoeprator, MStateRIEEE I , thAJLAX 3 graw statefIManaged state, Flink&TE
MEiZManaged state , AP B2 EIERIREraw state, Managed StateX534
ValueState, ListState, ReducingState. AggregatingState. FoldingState, MapStateiX
AIVF , BERFARE,

StateBackend BEBEMHT =1
backend , MemoryStateBackend , FsStateBackend , RocksDBStateBackend , #2&&

FHRIFEERS,

Statei®[. StateBackendiZzONELIIECLLREE |, (CREMAN T , JTEStateAFE LFE
— =R,

MBI ABHRPREEIRRIEIL  FEFlinkPRPIASEE

6 ZE M ——Flink I EUES M EHEAIRITIE

AEFTHH—TMIink RERIMTE AR FRT Z [EUESEEUERT.

6.1 flink A9BSR

6.1.1 MemorySegment

FlinkfFA—1NSXRYAIES | AT ERIVMIESHRE (javaXiREFEZERE[R , FGCHImALL
MENSE ) |, WRE EBFERRNFAYERS,

XN MemorySegment HLAEFIINKAIAFHS. BUABER T , —1"MemorySegmenta] L&
B 32kb KB NFHREVHSR. XIRAFEEILLZIVMER—  byte[] , tBRAJLAZHIAZF
( DirectByteBuffer ) .

AR byte[1814BF0direct memoryR&IEEMNENE , 3B4memorysegmentii 2 EHE FEE
N—Ef—Hzx. X T—FIMsA L, BTFEffIEEREFENRE , 11 :

public abstract class MemorySegment {

public abstract byte get (int index) ;


https://yq.aliyun.com/articles/225623?spm=a2c4e.11153940.blogcont225624.12.7c797f6bZo3tiM

public abstract void put (int index, byte b);
public int size() ;

public abstract ByteBuffer wrap (int offset, int length);

HAITLER , e TESEERERTFNGIEN , ERT— N wrap 0 5%, BEBCS
BEE— ByteBuffer , Ffi11F%) LithX{ ByteBuffer,

FlinkJaMemorySegmentg{it 7 /LI
% . HeapMemorySegment *I:I HybridMemorySegment , {'lﬂﬁ]HI‘JE%UE:.Fﬁﬁ%/E\lﬁEﬁEEiﬁW?? ,
e ARS EHERFIEIINGTE, BL L, FIinkiEZRE , RERTRE. XENHAR ?

gnERHybridMemorySegment REEFa T D ECHEINAZRYE | INFESFEE. BEEIVMEH
Rep |, WMR—NAEER—NERE | BBAEXARR |, IVMEELER B EHETE ARZE R
NFRIMAPNZES L ( HEESHE , REEEREEIVMBinvokeVirtualigs ) |, tBEiE
RERREELING AR | MURZGEBRENERZE  (BLfR EEBMNVMERE—N LI
(BRBRANET —NFREK ) | BPAIVMESREEBRNIBEERAANE | XEMABERE
R AR AERT | e KRR ERE. (BRERDECHENSE HIMAEAEHERAINE
E |, L HIL T HybridMemorySegment@ERT B LA EeRF P RIFRTIEIT .

AT LABEFEHybridMemorySegmentRtai&E(Lig

HybridMemorySegment (ByteBuffer buffer, Object owner) ({
super (checkBufferAndGetAddress (buffer), buffer.capacity(), owne

this.offHeapBuffer = buffer;

HybridMemorySegment (byte[] buffer, Object owner) {
super (buffer, owner);
this.offHeapBuffer = null;

E':F' ' %_/I\HQE@%ZE’\J checkBufferAndGetAddress () Hiiﬁ‘éﬁj%%;’éljdlrect bufferE’\JP\]ﬁiﬂﬂ,



HE , ELERTLAR RSN ARTE,

6.1.2 ByteBuffer5NetworkBufferPool

E MemorySegment J\X/I\*EE%ZJ: , FIinkE%SZ}EMoperatorP{lE’J%ﬂz}&iﬂ%‘kEﬁTaskManagerJ:
15, MBWALE TN TRIIEREF , FRNMSRSERNFNSRE Butfer ,

FE |, X BufferE/MlinkiZE0 , <Ejava.niotZ2HtAYBE N Bufferifigzzt, Flink7EiX—ZEE A
FER T XA MNEEES , AREESS , EEEBIH R EE ST xxBufferfREZE
=

o javaiRRIVER M BufferfiSR X —EE BT HeapByteutfer , XN EEZHEUE
MvVmEBI— IR FF IR F T E4BRTFBRY ;

o FlinkfyixX/ BufferizOFEE—fflink EHATEREUBRTISHISR—Hms , 2R
B NetworkBuffer , X MemorySegment HIE2E, Flink7ERNTaskManagerZ [G){&i#1
=T | (EARNEX—ERTHSR.

F9BufferfUEEEEMemorySegment , IXEJEEARIVMEREIERY , FRLAA T XIEH AR E—
AMBufferA5E T LAEM , FIink5INT 5IRTEEIHES: | B XM bufferiRBASIA , #iaT
PARIKOX—FMemorySegment BB F 31U T (JVMBSLZREIKCRIEARRS |FiTEL 7 £
BE—T) :

public abstract class AbstractReferenceCountedByteBuf extends
AbstractByteBuf ({

private volatile int refCnt = 1;

%TH{E%E@ NetworkBuffer , F|In|(j:,:%ﬁ:t7 BufferPoolFactory , #ET;E'E{}‘ET[I’E—;E
Im NetworkBufferPool , iZ%ﬁ\I}_EitE’\JMﬁHO

NetworkBufferPoolfEE\"TaskManager Et RE— , tAH=FrEFtaskiIRFETE, EHLfH|
HWHMESZ=HABNETHESENAF ( WTFHERERR | BESRNFERFHFRAESF
K FARAPRRERENTS | TLURKEERIADFUll GC) |, BRNEFEMIESE !



public NetworkBufferPool (int numberOfSegmentsToAllocate, int
segmentSize)

this.totalNumberOfMemorySegments = numberOfSegmentsToAllocate;
this.memorySegmentSize = segmentSize;

final long sizeInlLong = (long) segmentSize;

try {
this.availableMemorySegments = new ArrayBlockingQueue<> (num
berOfSegmentsToAllocate) ;
}
catch (OutOfMemoryError err) {
throw new OutOfMemoryError ("Could not allocate buffer queue
of length "
+ numberOfSegmentsToAllocate + " - " +
err.getMessage ()) ;

}

try {
for (int i = 0; 1 < numberOfSegmentsToAllocate; i++) {
ByteBuffer memory =
ByteBuffer.allocateDirect (segmentSize) ;
availableMemorySegments.add (MemorySegmentFactory.wrapPo
oledOffHeapMemory (memory, null));

long allocatedMb = (sizeInlong * availableMemorySegments.size ()
) >> 20;

LOG.info ("Allocated {} MB for network buffer pool (number of
memory segments: {}, bytes per segment: {}).",
allocatedMb, availableMemorySegments.size (), segmentSiz

e);

HFNetworkBufferPool R2NILJ , SLFRRIATRBRE LocalBufferpool , BN
TaskManager&#RBE— 1 NetworkBufferPool TJ~ , (B2 FEE{THIE MaskEFER— N
HftbtaskfgEAILocalBufferPoolith , iIX)EIE L1RIFIEMR. 351, NetworkBufferPool&it
HECHHHBNMERFERD R R EFNAFETERNE8IRFEENZEBRNRNED R EE
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7EC

o B, NBAN T EEBMNAEFRTEHBRINFEFEERDBufferfB R

o WNERIEWFHECTT , M4

o HX , iBFERIRITRYRSDECHIAFR | ZRELocalBufferPool RIFBRAIRIREESE
RNHATIRECHI B

o RIFREBFEXNNEXANEKA : MR%AFBEDFE3 M buffer, RRKFELON
buffer , BBAECHRIFEESENZ7

SEIACHSENT

private void redistributeBuffers () throws IOException ({

assert Thread.holdsLock (factoryLock) ;

// All buffers, which are not among the required ones
final int numAvailableMemorySegment =

totalNumberOfMemorySegments - numTotalRequiredBuffers;

if (numAvailableMemorySegment == 0) {
// in this case, we need to redistribute buffers so that ev
ery pool gets its minimum
for (LocalBufferPool bufferPool : allBufferPools) {

bufferPool.setNumBuffers (bufferPool.getNumberOfRequiredMemorySegments (

))
}

return;

/*

* With buffer pools being potentially limited, let's
distribute the available memory

* segments based on the capacity of each buffer pool, i.e.
the maximum number of segments

* an unlimited buffer pool can take is
numAvailableMemorySegment, for limited buffer pools

* it may be less. Based on this and the sum of all these
values (totalCapacity), we build

* a ratio that we use to distribute the buffers.

*/

long totalCapacity = 0; // long to avoid int overflow



for (LocalBufferPool bufferPool : allBufferPools) {
int excessMax = bufferPool.getMaxNumberOfMemorySegments () -
bufferPool.getNumberOfRequiredMemorySegments () ;
totalCapacity += Math.min (numAvailableMemorySegment, excess

Max) ;

// no capacity to receive additional buffers?
if (totalCapacity == 0) {
return; // necessary to avoid div by zero when nothing to r
e-distribute

}

// since one of the arguments of 'min(a,b)' is a positive int,
this is actually

// guaranteed to be within the 'int' domain

// (we use a checked downCast to handle possible bugs more gra
cefully) .

final int memorySegmentsToDistribute = MathUtils.checkedDownCas
t(

Math.min (numAvailableMemorySegment, totalCapacity)):;

long totalPartsUsed = 0; // of totalCapacity
int numDistributedMemorySegment = 0;
for (LocalBufferPool bufferPool : allBufferPools) {
int excessMax = bufferPool.getMaxNumberOfMemorySegments () -

bufferPool.getNumberOfRequiredMemorySegments () ;

// shortcut
if (excessMax == 0) {

continue;

totalPartsUsed += Math.min (numAvailableMemorySegment, exces

sMax) ;

// avoid remaining buffers by looking at the total capacity
that should have been
// re-distributed up until here
// the downcast will always succeed, because both
arguments of the subtraction are in the 'int' domain
final int mySize = MathUtils.checkedDownCast (
memorySegmentsToDistribute * totalPartsUsed / total

Capacity - numDistributedMemorySegment) ;



numDistributedMemorySegment += mySize;

bufferPool.setNumBuffers (bufferPool.getNumberOfRequiredMemorySegments (

) + mySize);
}

assert (totalPartsUsed == totalCapacity):;
assert (numDistributedMemorySegment ==
memorySegmentsToDistribute) ;
t

?%T;Eiﬁlﬁg/l\ LocalBufferPool P{Iﬁ;ﬂ_’,o
LocalBufferPoolAUiZiE8 8 LA RIEMNE |, (BB iRAYEET ields :

[+ GRFFRNRIONFRHRE~/

private final int numberOfRequiredMemorySegments;

/**
* YHEARFRIAFAT, EEEEABENZEARNETA
*/

private final ArrayDeque<MemorySegment> availableMemorySegments = n

ew ArrayDeque<MemorySegment> () ;

/* *
* FEMEETE KiEbut fer i) FMERENTES
*/
private final ArrayDeque<BufferListener> registeredlListeners = new

ArrayDeque<> () ;

/** BERINTFb Y BCHIBR A R ¥/

private final int maxNumberOfMemorySegments;

/*x HETRFFRARN */

private int currentPoolSize;

/**
* FiBttENetworkBufferPool HECH), HARNFMSI BEIK AFEHERIFHN) SH%K
*/

private int numberOfRequestedMemorySegments;

7FiZENetworkBufferPoolNE RSB , Fefl1SEEELocalBufferPoolfy setnumButfers () 5
= URB1RE | BEMEEEE , ARFRT :



public void setNumBuffers (int numBuffers) throws IOException {
synchronized (availableMemorySegments) {
checkArgument (numBuffers >= numberOfRequiredMemorySegments,
"Buffer pool needs at least %s buffers, but tried t
o set to %s",
numberOfRequiredMemorySegments, numBuffers) ;

if (numBuffers > maxNumberOfMemorySegments)
currentPoolSize = maxNumberOfMemorySegments;
} else {

currentPoolSize = numBuffers;

returnExcessMemorySegments () ;

// If there is a registered owner and we have still request
ed more buffers than our
// size, trigger a recycle via the owner.
if (owner != null && numberOfRequestedMemorySegments > curr
entPoolSize) {
owner.releaseMemory (numberOfRequestedMemorySegments - n

umBuffers) ;

6.1.3 RecordWriter5Record

HARETREMSRE  NNIRET REERFHSREMemorySegment , AT EGEERHEY
EBuffer , 3B4 , A EFTXIEMJavasigtt ABufferfIFEISRENAR ?

E%StreamRecord°

M streamRecord<T> XPMERBFIMALIFELER , XPMEFHE N wrap , BEMREF 7RIARY)ava
XI&R, HIh, StreamRecordiR R F 7 — M timestamp,

BBAIX NN ISRE EAZZ A LocalBufferPool IIFHERI— MK SFETEEAIR ? {E8)

/)
7 StreamWriter ﬁ/&'f;o
BB RECHERIIRHERTGE

private void sendToTarget (T record, int targetChannel) throws IOExc



eption, InterruptedException {

RecordSerializer<T> serializer = serializers|[targetChannel];
SerializationResult result = serializer.addRecord (record);
while (result.isFullBuffer()) {

if (tryFinishCurrentBufferBuilder (targetChannel, serializer

// If this was a full record, we are done. Not breaking
// out of the loop at this point will lead to another
// buffer request before breaking out (that would not b

e
// a problem per se, but it can lead to stalls in the
// pipeline).
if (result.isFullRecord()) {
break;
}
}
BufferBuilder bufferBuilder = requestNewBufferBuilder (targe
tChannel) ;
result = serializer.continueWritingWithNextBufferBuilder (bu
fferBuilder) ;

}
checkState (!serializer.hasSerializedData (), "All data should

be written at once");

if (flushAlways) {
targetPartition.flush (targetChannel) ;

FTeRERE—T , MRECESflushAlways , BBASMZIETERELE , BEERXFELES

B ;

FlinkBOAIRBEHLEAR— I TE=— I TENAE | BHRIRE T — 1%z | SRERERN

Bflush—)X PG channel , RERFHBEEmIini batchT,

E@Eﬂﬁ?ﬁ”fﬁﬁﬁ——fﬂiSerializationResult result = serializer.addRecord (record) ;. ff

N2 —

1X1T

B, FlinkiEXSRIERIZERATERIFS IR FY L T4,

6.2 FUERAEIIIE



T SRR , X— T HAIRTES Mask Z HexchangefiITE.

6.2.1 Z{NdiE

BIXKE :
JobManager
o
ExecutionGraph
o s it o 2 e e R s £ e s s i s Bt e e s e e
| TaskManager 1
I
|
| 1
I
| *
|
I
- _C
I e et o o e s o e e e
TaskManager 2

¥

FE—EIRRESE— ResultPartition ;

EH1JobMaster ;

JobMasternBXI FiiF R ; IR NP RERSS |, WEHEZ ;
TR s EisE R EUE

FrafEimEE

2.2 BUEStask{Zid

D A wN R



AUH—TEFZARRREIEERTRE. Bk t—KE :

TaskManager1 N TaskManager2
R
& T
> - :
MapDriver v N, ReduceDriver
Q“oobe ’

RecordWriter ,’ RecordReader
i Chamnel [ ! T
: Selector : JobManager : :
: : ! :
1 1

l 1
: Record -y : Record !
: Serlallzer: o - Dedlerializer :

1. 1
: ¢ [0 l -
| m—m—m——————f - 1 ,/ I o 2 ] |
] | ,/ %,L:b4 | :

[}
: A€ : I
[} | | | |
| 1 | | |
[} | | | |
| 1 | | ]
| | | | |
[} | | | |
] | | | |
1 1 | 1 |
| 1 | | |
1 1 | 1 |
! : ! Request network transfer | |
1 1 ! e | 1
| ] :,, - RN | :
i = I I
1 | | | N |
| | | | |
[} | | ] |
| 1 | | ]
[ SO M) [ : 1 :
L o e e (o e e ) e e | P | | S S—
ConnectionManager\l - - - ‘ ConnectionManager
— —>

HEEtaskZBEIEIEBWTLE

1. #dEEARoperatorihIEFfG , 345 Recordiiriter , BRICRABIEEZE—NTNIFLR , FT
LAE42D channelSelector ,

2. B channelffE— serializer ( FIANIXROZE N T BRZSHESHIMM ) | BiIXK
Record=%51{t, aByteBuffer

3. EETREE#MS AResultPartition FEYZ N subPartitionE |, LHANZEGESEFEAN
DirectBuffer ( MemorySegment )

4. BARYSFEIEHIEUERflushiRE , —Bfit&flush , MBI NettyfInio@EMAISHE N

5. Ximfnetty clientZIEIEIE , decodetiSk , BEUERE N E|bufferE , AFIE
& InputChannel

6. EATRRREIER , THFEFMEZEEESE , MInputChannelBXHbuffer , BfEFZILEL
record , RAEEEFHITRPHE
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THRTEBRZE  BRE— TSP RHEMR -
B RRHEERR S recordwriter,

//RecordWriterOutput.java

@Override
public void collect (StreamRecord<OUT> record) {

if (this.outputTag != null) {
// we are only responsible for emitting to the main input

return;

}
[/ XBA ABEREICRATA T recordwriter

pushToRecordWriter (record) ;

S

SRErecordwriteriB &R &IXEIXI N AYEE,

7\

//RecordWriter.java

public void emit (T record) throws IOException, InterruptedException
//channelselector&iz T
for (int targetChannel channelSelector.selectChannels (record,

numChannels) ) {
sendToTarget (record, targetChannel) ;

private void sendToTarget (T record, int targetChannel) throws I

OException, InterruptedException {

/ /RIS RS SR
= serializers|[targetChannel];

RecordSerializer<T> serializer =

SerializationResult result = serializer.addRecord (record) ;

while (result.isFullBuffer()) {
if (tryFinishCurrentBufferBuilder (targetChannel, serializer

// If this was a full record, we are done. Not breaking
// out of the loop at this point will lead to another

// buffer request before breaking out (that would not b

// a problem per se, but it can lead to stalls in the



// pipeline) .
if (result.isFullRecord()) {

break;

}
BufferBuilder bufferBuilder = requestNewBufferBuilder (targe

tChannel) ;
//B Achannel
result = serializer.continueWritingWithNextBufferBuilder (bu
fferBuilder) ;
}
checkState (!serializer.hasSerializedData (), "All data should

be written at once");

if (flushAlways) {
targetPartition.flush (targetChannel) ;

BT RRICHIEHEAREIRNE (netty ) AL

//ResultPartition.java
@Override
public void flushAll () {
for (ResultSubpartition subpartition : subpartitions) {

subpartition.flush () ;

//PartitionRequestQueue. java
void notifyReaderNonEmpty (final NetworkSequenceViewReader reade

//XBAS Tnetty serverZfz i

ctx.executor () .execute (new Runnable () {
@Override
public void run () {

ctx.pipeline () .fireUserEventTriggered (reader) ;

nettytHXAIERS -



//RbstractChannelHandlerContext.java
public ChannelHandlerContext fireUserEventTriggered (final Object ev
ent) {
if (event == null) {
throw new NullPointerException ("event") ;
} else {
final AbstractChannelHandlerContext next = this.findContext
Inbound () ;
EventExecutor executor = next.executor();
if (executor.inEventLoop()) {
next.invokeUserEventTriggered (event) ;
} else {
executor.execute (new OneTimeTask () {
public void run () {

next.invokeUserEventTriggered (event) ;

return this;

//PartittionRequesetQueue.java
private void enqueueAvailableReader (final
NetworkSequenceViewReader reader) throws Exception {

if (reader.isRegisteredAsAvailable() || !reader.isAvailable())

return;

}

// Queue an available reader for consumption. If the queue is
empty,

// we try trigger the actual write. Otherwise this will be
handled by

// the writeAndFlushNextMessageIlfPossible calls.

boolean triggerWrite = availableReaders.isEmpty () ;

registerAvailableReader (reader) ;

if (triggerWrite) {
writeAndFlushNextMessagelfPossible (ctx.channel ()) ;



private void writeAndFlushNextMessageIfPossible (final Channel
channel) throws IOException {

next = reader.getNextBuffer () ;

if (next == null) {
if (!reader.isReleased()) {
continue;

}
markAsReleased (reader.getReceiverId()) ;

Throwable cause = reader.getFailureCause();
if (cause != null) {
ErrorResponse msg = new ErrorResponse (
new ProducerFailedException (cause),
reader.getReceiverId()) ;

ctx.writeAndFlush (msg) ;
}
} else {
// This channel was now removed from the available
reader queue.
// We re-add it into the queue if it is still avail
able
if (next.moreAvailable()) {
registerAvailableReader (reader) ;

BufferResponse msg = new BufferResponse (
next.buffer(),
reader.getSequenceNumber (),
reader.getReceiverId(),
next.buffersInBacklog()) ;

if (isEndOfPartitionEvent (next.buffer())) {
reader.notifySubpartitionConsumed() ;

reader.releaseAllResources() ;

markAsReleased (reader.getReceiverId()) ;

// Write and flush and wait until this is done befo



re

// trying to continue with the next buffer.
channel .writeAndFlush (msg) .addListener (writelListener) ;

return;

FEXEARBEE AN AEPEBR writeandrlush (nsg) FLERIEFnettyfnioBEEEAN
M5 7. FEXE , EARZE—1RemotelnputChannel , 3 NHIFLE iz REYInputGate
AJchannels,

BEMBIZ , nioBERNS—inwk=ixAbuffer , (I50T

//CreditBasedPartitionRequestClientHandler. java
private void decodeMsg (Object msg) throws Throwable {
final Class<?> msgClazz = msg.getClass();

[ ==== BUEEEE ————c—ccccccoccocccoocosoooooosmsnsmmsmamasmmsmaoaky
if (msgClazz == NettyMessage.BufferResponse.class) {
NettyMessage.BufferResponse bufferOrEvent = (NettyMessage.B

ufferResponse) msg;

RemoteInputChannel inputChannel = inputChannels.get (buffer0O
rEvent.receiverlId) ;

if (inputChannel == null) {

bufferOrEvent.releaseBuffer () ;

cancelRequestFor (bufferOrEvent.receiverId) ;

return;

decodeBufferOrEvent (inputChannel, bufferOrEvent) ;



fE—8 , Flink ESLHPREFMBREEERVA AR ER | FIRTEFENEEERE | SRR
KRR | HEREBARIEE | SEUEBIMAG |, & Hinotify, FlinkfYEEIHEIBEMELL
SN

D

%EEEER&F%@WGEJZ StreamRecord :

//StreamElementSerializer.java
public StreamElement deserialize (DatalnputView source) throws IOExc
eption {
int tag = source.readByte();
if (tag == TAG REC WITH TIMESTAMP) {
long timestamp = source.readLong() ;
return new StreamRecord<T> (typeSerializer.deserialize (sourc
e), timestamp) ;

}

else if (tag == TAG REC WITHOUT TIMESTAMP) ({
return new StreamRecord<T> (typeSerializer.deserialize (sourc
e));
}
else if (tag == TAG WATERMARK) {
return new Watermark (source.readlLong()) ;
}
else if (tag == TAG _STREAM STATUS) ({
return new StreamStatus (source.readInt()) ;
}
else 1if (tag == TAG LATENCY MARKER) {
return new LatencyMarker (source.readlLong (), new OperatorID (
source.readLong (), source.readLong()), source.readInt());

}
else {
throw new IOException ("Corrupt stream, found tag: " + tag);

gﬁﬁ%ﬁ@Z(EEStreamInputProcessor.processlnput()ﬂﬁiaﬁpﬁ§§UQtﬂE°

ElY | HRAEEjVmIT R BRI ES I 1.
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